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The Modern Way of Building Highways 
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A labor-saving combination—"]ackhamers’ operating from an I-R portable 
8 8 
air compressor 





**Jackhamer” Drills and portable air compressors have been 
tremendous factors in making the United States a land of 


fine highways. 


Before the introduction of these powerful tools, road- 
building was a tedious job. Nowadays, broad, smooth, 
paved highways are constructed with remarkable speed 
and frequently at a lower cost per mile. 


The “Jackhamer” Drill, of which there are now eight sizes, 
is widely used throughout the world in road building, min- 
ing, foundation work, and many other projects too numer- 





ous to mention. 


Wherever you go, at home or abroad, you will find IR 


sales and service offices ready to serve you. 


INGERSOLL-RAND CO. - - 11 Broadway, New York 


Branches or distributors in principal cities the world over 


For Canada Refer—Canadian Ingersoll-Rand Co., Limited 
10 Phillips Square, Montreal, Quebec 


Ingersoll-Rand 
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Branches 


Los ANGELES 
Miami 
MILWAUKEE 
PHILADELPHIA 
PITTSBURGH 

SAN FRANCISCO 

St. PAuL 

St. Louis 
WaAsHINGTON, D.C. 
Lonpon, ENGLAND 


The Raymond Method is Certain 


O many things can happen to an unprotected 

column of “ green” concrete in the earth. 
Ground pressure water and pressure of closely 
adjacent pile driving are a few destructive 
factors. To protect each pile column, every 
tapering standard RAYMOND Concrete Pile 
is poured, not into a “hole in the ground,” but 


into a tapering shell of spirally reinforced steel 
This shell is not withdrawn. It is left in place 
after the driving core is pulled. Its interior may 
be inspected before the concrete is poured. And 
thus you can be certain that each RAYMOND 
Concrete Pile is perfect. This is the Raymond 
Method. 


RAYMOND CONCRETE PILE COMPANY 


NEW YORK: 140 CEDAR STREET 


CHICAGO: 111 WEST MONROE STREET 


RAYMOND CONCRETE PILE CO. LTD., MONTREAL, CANADA 


Branches in Principal Cities 
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“Run the jitneys_ 
stormed the \ 


traction men 
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“Operate buses yourself; do it better than 
the wildcat independents,” fired back the 
Editor of Electric Railway Journal... 
and announced a new publication, Bus 
Transportation, to help develop that infant 
industry. 


Quickly a powerful association of street 
railway men rose up in arms... roundly 
condemned the editor, his new ‘bus 
journal” and its publishers. 


What happened? Bus Transportation swiftly 
proved the Editor right . . . showed the 
place of the motor bus in modern trans- 
portation ... until today practically every 


s off the streets; 
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electric railway operates buses in con- 
junction with its street car lines. 


Sound knowledge of the facts, ability to 
look ahead clearly, courage to tell a whole 
industry when it is in error—these quali- 
ties are characteristic of McGraw-Hill 
Editors. That’s why industry and business | 
value these publications so highly. 


That’s why the McGraw-Hill paper, which 
covers the field you expect to enter, will 
help you get ready for your first job. 
Copies of all McGraw-Hill publications 
are... or should be... in your college 


library. 


Business men, industrialists and engineers—600,000 of them—regularly read the McGraw-Hill 
Publications. More than 3,000,000 use McGraw-Hill books and magazines in their business. 


The Business Week Textile World 


System Food Industries 

Aviation Bus Transportation 

Factory and Industrial Electric Railway Journal 
Management Coal Age 

Power Engineering and 


Industrial Engineering Mining Journal 


Radio Retailing 


Engineering and 
i Electronics 


Mining World 
American Machinist 
Product Engineering 
Electrical World 
Electrical Merchandising 
Electrical West 


Engineering News-Record 
Construction Methods 


Chemical & Metallurgical 
Engineering 
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Mc GRAW - HILL PUBLICATIONS 


McGRAW-HILL PUBLISHING CO,, Inc., New York - Chucago - Philadelphia - Washington - Detroit - St Louis - Cleveland - Los Angeles San Francisco -Boston - Greenville - London 
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Metal on trial 


In the laboratories of scores of foundries and rolling mills, When the findings of all tests are favorable, the metals 
a constant search is being conducted for a metal that is are made into valves and fittings for trials in the Crane 
stronger, more resistant to temperature strains, and more _ plant that will approximate actual working conditions. 










economical to produce. Almost as constantly the com- Then, Crane Co. sends out these new materials to cer- 
pounds and ailoys so developed are being brought to tain engineers who are interested in advancing piping 
‘ = . . . 

Crane Co. for trial. practice. They use them in actual service: observing 





The court that passes on them is composed of the most them over long periods, sending full reports to Crane Co. 
experienced Crane designers, metallurgists, and engineers. 
Under its direction bars of the new metals are carefully 
tested for ductility, reduction of area, elastic limit, and 
yield and breaking points. Hardness, transverse strength, 
and torsional strength are measured, behavior under tem- bodied in a book, «¢ Pioneering in Science,’ a valuable 
perature strains is determined by“‘1000-hour creep tests.” reference manual for students. Let us send it to you. 


PIPING MATERIALS TO CONVEY AND CONTROL STEAM, LIQUIDS, OIL, GAS, CHEMICALS 
CRANE CO., GENERAL OFFICES: 836 S. MICHIGAN AVENUE, CHICAGO 
NEW YORK OFFICES: 23 W. 44TH STREET 
Branches and Sales Offices in One Hundred and Ninety-four Cities 







Not only do materials thus developed serve all industry. 
They have contributed to a vast library of engineering 
data on metals and their capabilities. Much of this is em- 
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The Age of Alloy Steels 


BY JOHN A. MATHEWS 
Vice-President, Crucible Steel Company of America 


OME years ago Mr. Hoover and his accomplished 
wife translated Agricola’s ““De Re Metallica.” 
This classical work on mining and metallurgy 
appeared in the middle of the sixteenth century 
and was the standard work for over one hundred years. 
It was published in many languages and in many edi- 
tions, but it was never translated into the English lan- 
guage until Mr. and Mrs. Hoover performed this 
difficult task. This work, which covers about all that 
was known of mining and metallurgy in 1550 A.D. 
makes no mention of such metals as tungsten, chrom- 
ium, nickel or vanadian, which are so important today 
in the manufacturing of alloy steels. In 1683, when 
Sir John Pettus wrote his quaint “‘Essay on Metallic 
Words,” the same was true. 

A little over a century ago Michael Faraday, the 
famous British scientist, undertook one of the first 
investigations ever made on the subject of adding other 
metals to iron. Faraday states that it is not known 
whether any addition may be made to steel to produce 
improved results for cutting tools. The era of alloy 
tool steels is, therefore, of more recent date. Faraday 
had another object in view in his investigation and 
that was to see if it were possible to make any additions 
to iron which would reduce its tendency to oxidization 
and rust, when used for the purpose of making metallic 
mirrors or reflectors. Just a century after Faraday’s 
work, I furnished the Mount Wilson Observatory in 
California a hardened stainless steel disc, which, upon 
polishing, was found to reflect from 75 to 80 per cent 
of the incident light and is still doing so after four or 
five years exposure to atmospheric conditions. 

The younger generation takes for granted almost 
everything as it exists today and is probably unaware 
of the wonders of our so-called steel age. Iron, itself, 
has been known from the earliest days of recorded his- 
tory but such iron was of the type generally known as 
wrought iron. In other words, it had never been melted 
or cast into ingots. Crucible steel, which dates from 
1740, is the first steel actually melted and cast or 
poured into molds. The name “Cast Steel” was syn- 
onymous with crucible melted steel for more than a 
century. That was the only melting process until Bes- 
semer, about the middle of the last century, made his 
wonderful discovery, followed in a very few years by 
the acid open hearth process and then by the basic open 
hearth process. These later processes are the ones used 
by the modern tonnage steel industry; but wrought iron 
held its own for a long time after these processes came 





into use and it was not until 1876 that steel rails were 
produced in larger quantities than wrought iron rails. 
This is a convenient date to remember as it may be 
considered the beginning of our modern steel age. 

The age of alloy steels is still shorter. While some 
alloys were made during the latter part of the last 
century, the quantity was small and the variety made 
was also small. We may consider the alloy-steel age as 
dating from the beginning of this century. In my metal- 
lurgical library of several hundred volumes, probably 
one-half of them deal with alloy steels. The literature 
on this subject is very extensive and it is hopeless to dis- 
cuss them in more than a fragmentary way in the brief 
time allowed. We shall have to touch upon a very few 
high spots. 

One reason for assigning the date 1900 as the begin- 
ning of the alloy era is because, in that year at the 
Paris Exposition, there was given to the world the won- 
derful discovery of high speed cutting steel. This was 
an American discovery and it created a great sensation. 
This discovery, more than any other thing, has been 
responsible for modern high speed manufacture and 
production methods. High speed steel resulted in 
machining speeds from three to five times as fast as had 
ever been possible with the tools in use up to that time. 
It was immediately found that the machine tools of the 
day — lathes, planers, shapers, etc., were not suffi- 
ciently powerful to use high speed steel at its maximum 
efficiency. The new steel brought about a revolution 
in the building of machine tools. High-speed steel was 
originally an iron alloy with 14 to 18 per cent tungsten 
and 3 to 4 per cent chromium. A few years later its 
efficiency was doubled or tripled by the introduction of 
vanadium. This was also an American improvement 
and was first applied commercially in our own plants. 
A further improvement was made when cobalt was used 
as an added ingredient. Modern high-speed steel, there- 
fore, is an alloy of iron with at least six elements, each 
one of which is important in its proper quantity. It is 
interesting to note that, in the making of such steel, we 
draw our raw materials from the remotest parts of the 
earth. Most of our tungsten comes from the center of 
China; our chromium from Rhodesia; our vanadium 
from Peru, where the ore is brought down from -the 
mountains on the backs of llamas. Our manganese 
comes from Brazil and Siberia, and our cobalt from 
Canada and Australia. 

We should probably never have had the modern low- 
(Continued on page 236) 








ETALS have con- 
tributed more to 
the advancement 
of civilization 

than any other material 
thing. Our supply of metals 
is derived from their ores 
which are found as deposits of various forms in the 
crust of the earth. When such a deposit is worked by 
mining, it is eventually exhausted and hence, to keep 
up the supply of metals required by mankind, new 
deposits must constantly be found. 

The search for ore deposits is technically known as 
“prospecting.”” Up to recent years, such a search was 
carried on by examining the rocks where exposed to see 
if they contained ore or signs of ore. Valuable ore is 
sometimes found at the very surface; more frequently 
an ore deposit reveals its presence by the typical residue 
left at the surface after the ore minerals have been re- 
moved by action of air and water and the ore itself is, in 
such a case, found at a considerable depth below the sur- 
face. Such were the signs sought by the “prospector” 
and it should be noted that only where the rocks of the 
earth’s crust were free from soil or other unconsolidated 
material such outcrops could be found. Where the un- 
derlying rocks which enclose the ore deposit are covered 
with detritus, the ore deposit generally shows no evi- 
dence of its presence. 

There are large areas in mineral districts where the 
underlying rocks are concealed from view by a deposit 
of soil, gravel, or other loose material. Until geophysical 
prospecting was developed, the only means avail- 
able for determining what they were like, or 
whether they contained an ore deposit, was to 
sink a hole or a trench through this overburden 
or to bore a hole with drilling apparatus. Such 
work is naturally very costly because little clue to 
the proper location of such excavations exists and 
much work is done with the result of disclosing 
only barren rock. That such work should be under- 
taken at all would seem like looking for the pro- 
verbial needle in a haystack but, as it is generally 
based on careful geological study, it is sometimes 
successful. Still, much money is wasted in fruitless 
search, and an agency which has the ability to 
designate the position of an ore deposit, even 
though concealed from view, will be, it is easily 
seen, of great value to the prospector. 

Such an agency is Geophysics applied to pros- 
pecting and generally designated as Geophysical 
Prospecting. It may be considered to be to the 
geologist and the miner, what the X-ray is to the 
surgeon. The evidence it gives to the miner is quite 
on a parity with that given to the surgeon by the 
X-ray; sometimes very positive, sometimes doubt- 
ful. In a constantly increasing number of instances, 
it has aided in finding valuable ore deposits and 
the instances of the location of prolific oil pools 
are also numerous. 


FIG. 1. Apparatus for 
determining the shape and 
distance of an ore body. 





Electrical 
Prospecting 


BY ALLEN A. ROGERS ’90 


Mining Engineer 
Swedish American Prospecting Corporation 


FIG. 3. 
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The art of Geophysical 
Prospecting has been de- 
veloped in the past fifteen or 
twenty years. It is founded 
on the study of the reaction 
to physical forces of the 
component parts of the 
earth’s crust. For example, if, as in the so-called seismic 
method, a region is subjected to the shock of a heavy 
explosion, the rocks transmit the vibrations away from 
the explosion as a centre at a speed depending on 
certain physical characteristics which vary with differ- 
ent rocks. The speed of transmittal is measured by 
a sensitive seismograph and thus evidence of the char- 
acter of the underlying formations is obtained. By 
this method, the location of a large number of salt 
domes has been discovered in the coastal region of the 
Gulf of Mexico where no evidence whatever of their 
presence can be obtained from surface observation. 
As petroleum is generally found on the flanks of these 
salt domes, they are eagerly sought. 

Another agency which can be used in geophysical 
prospecting is electricity. If a current of electricity is 
passed through the ground between two contact points, 
its distribution, if the ground is homogeneous, is such 
that points of equal potential in the ground form hemi- 
spherical surfaces, the centres of which are the electrodes 
and the traces of which on a level surface are circles. If, 
therefore, means are taken to determine the position of 
points of equal potential on the surface (assuming this 
to be a plane) and the points are plotted on a map, the 


FIG. 2. Locating points 

of the same potential in 

order to map out an ore 
deposit underground. 





A map of current and equipotential lines. The current 
lines are solid, the equipotential lines dotted. 
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result will be a series of circles surrounding the elec- 
trodes. If the electrodes are given the form of lines 
(such as straight bare wires buried in the ground), the 
equipotential surfaces take the form of cylinders and 
their traces on the surface become lines parallel to the 
linear electrodes. The electric current, however, follows 
the path of least resistance and should there be 
between the electrodes a body of material such as ore 
more highly conductive than the surrounding rock, the 
current will find less resistance to its passage by way of 
the ore than through the rock and thus be concentrated 
in the ore. Then the traces of the equipotential sur- 
faces, always at right angles to the current paths, be- 
come spread out in the vicinity of the conductive body 
as shown in Fig. 3. Either direct or alternating current 
may be used. Direct current has the disadvantage of 
causing polarizing effects in the pick-up electrodes so 
alternating current is preferred although it, too, has 
some disadvantages due to inductive effects. The dis- 
tribution of the current is traced by a pair of steel rods 
connected by a wire through a pair of ear phones. With 
one rod driven into the ground, the operator, wearing 
the phones, probes about until he locates a point where 
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map such as shown in Fig. 4. In the plan, the equipo- 
tential lines are seen to be spread apart over the ore 
deposit. The profiles show the sudden drop in potential 
per unit of length on the edge of the ore body. The illus- 
tration shows an ore body of several million tons which 
was covered by from five to twenty-five feet of gravel. 
Nearby, a similar ore body which was buried under 
gravel sixty to one hundred feet deep was found by the 
same methods. 

Another method of electrical prospecting is to cause a 
current to flow in the ground by induction. If a loop of 
insulated wire be laid down on the surface of the ground 
and an alternating current passed through it, an electro- 
magnetic field is set up, the shape and other character- 
istics of which are well known from physical laws. If 
there be, within the range of this field, a conductive 
body, currents will be induced in such a body and these 
secondary currents in turn create a secondary magnetic 
field, which, superposed on the primary field, produces a 
resultant field different from either. If a coil of wire is 
held in an alternating magnetic field, a current will be 
induced to flow in it varying from zero to maximum 
according to whether the plane of the 
coil is parallel or at right angles to the 
lines of force of the field. This is the 
basic means used to examine such a 
resultant field as is described above, 
and with proper accessory apparatus 
its direction and dip can be determined. 























(Fig. 1.) The coil of wire on the square 
frame is moved about until no sound is 
heard in the telephone which is in cir- 
cuit with the coil. (Proper amplifying 
apparatus is a part of the circuit in 
order that the very weak current may 
be manifest.) When no sound is heard, 
the plane of the coil is then parallel with 
the lines of force of the magnetic field 
and its dip and direction are deter- 
mined. Then, as the characteristics of 
the primary field are known, the char- 
acteristics of the secondary field can 
be deduced and, from these, inferences 
can be drawn regarding the shape of 
and distance from the conducting body 
from which it originates. 

This simple method is of limited 
application. In the proximity of a good 
conducting ore body, the difference in 
phase between the primary and secon- 
dary fields becomes so great that no 
position of the exploring coil without 
sound can be found. Furthermore, if 
it is desired to measure the strength of 


FIG. 4. Plan and profile views of an ore deposit located by electrical prospect- the field, as is generally desirable, the 
ing. The profiles show the sudden drop in potential per unit of length on the esults from point to point may vary 


edge of the ore body. 


no sound is heard in the telephone (Fig. 2). He then 
knows no current is flowing in the circuit and the point 
he has located is at the same potential as is the other 
point. A stake is driven and the stationary rod moved 
up to it, whereupon the operator moves forward the 
next interval and locates a new point. Thus the whole 
field between the two electrodes (which may be each a 
mile long and a mile apart embracing an area of one 
square mile) is examined and the stakes surveyed and 
plotted on a map. Any consistent deviations from ap- 
proximately straight lines is cause for more detailed 
examination which not only includes running equipo- 
tential lines at closer intervals, but also determining the 
distribution of potential. These operations produce a 


on account of variation in the strength 

of the primary exciting current and 
not because of change in underground conditions. To 
overcome these difficulties various systems have been 
devised. By one system, two coils are used, one for 
observation at the forward point, the other remaining 
at the previous point, the two coils being wired together 
so as to make determination of the change between the 
two points possible; by another system, apparatus is 
provided to compensate for, or to measure, the phase 
dispersion, and permit of complete determination of the 
electromagnetic field vectors of the ground currents in 
regard to direction, phase, as referred to the primary 
current and amplitude expressed in microgauss per 
ampere of primary current. 

(Continued on page 24.3) 












The locomotives of this type are the largest steam locomotives thus far built, and are used between Mandan, North Dakota 
and Glendive, Montana, a division of difficult grades. They are coal burners. 
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The Modern Locomotive 


BY PAUL T. WARNER 


Baldwin Locomotive Works 


HE modern steam locomotive is a self-propelled 

power plant, capable of developing from 3,000 

to 4,000 horse power, while in some cases even 

the latter figure is exceeded. This plant must 

be designed to comply with strict weight and clearance 

limitations. Its maximum width approximates 10 to 

11 feet and its maximum height, 15 to 16 feet, while its 

over-all length, including the vehicle which carries the 

fuel and water supply, seldom exceeds 100 feet. On 

lines having first-class tracks and heavy bridges, the 

maximum weight which can be safely carried on each 

pair of driving wheels approximates 65,000 to 70,000 

pounds. On some roads a slightly higher limit is per- 

mitted, while on others the maximum is 60,000 pounds 
or less. 

The locomotive is enabled to propel itself, and haul 
its train, by reason of the adhesion, or gripping action 
of the driving wheels on the rails. Other things being 
equal, the amount of this adhesion — in other words, the 
tractive force developed — varies directly as the weight 
carried by the driving wheels; and therefore when great 
hauling capacity is desired, a relatively large number of 
wheels must be used in order to carry the necessary ad- 
hesion weight without overloading the rails. But the 
maximum horse power that can be developed, which 
determines the rate of speed at which the locomotive 
can haul its load, depends upon the steaming capacity 
of the boiler. It is evident, therefore, that adequate 
boiler power is of paramount importance; and as there 
is a constant demand for greater speed in transporta- 
tion, the most recent locomotives are provided with 
materially higher boiler power in proportion to adhesion, 
than were the locomotives built as recently as 10 or 15 
years ago. 

Viewed simply as a machine for hauling loads, the 
ideal locomotive would be one in which the entire 
weight, including that of the fuel and water supply, was 
carried on the driving wheels. Such a plan is practicable 
in certain types of locomotives used for short hauls at 
slow speeds; but an engine of this kind is entirely un- 
suitable for heavy road service, either freight or pas- 
senger. In road service where speeds are relatively high, 
a leading truck is necessary to guide the locomotive into 
curves and relieve the front driving wheels of flange 
wear; and a trailing truck has also become essential to 
carry a large boiler without overloading the driving 
wheels, and to permit the application of a firebox of 
suitable proportions. Inadequate grate area and fur- 
nace volume necessitate forcing the combustion of the 
fuel at an excessive rate, resulting in low boiler efficiency. 
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The modern locomotive, therefore, presents the fol- 
lowing characteristics as far as its wheel arrangement is 
concerned: 

(1) A leading truck having either one or two pairs of 
wheels, the latter number being preferred for fast freight 
and passenger service. 

(2) A sufficient number of pairs of driving wheels to 
carry the weight required for adhesion, without over- 
loading the rails. In locomotives having all the drivers 
coupled in one group, this number varies from three to 
six; while in so-called “‘articulated”’ designs having two: 
groups of driving wheels, there are usually eight pairs, 
and in certain special cases as many as ten have been 
used. A few locomotives with twelve pairs of drivers 
divided into three groups, one group placed under the 
tender, have been built; but this design is not being 
perpetuated. 

(3) A trailing truck having either one or two pairs 
of wheels, the number depending largely upon the size 
and shape of the firebox. The four-wheeled truck is. 
being used to an increasing extent, in order to support 
a large firebox without resorting to an excessive axle 
load. 

Considering some of the features of the modern loco-. 
motive more in detail, the boiler first claims attention. 
It is the source of power, and provided the steam gener- 
ated is used efficiently in the cylinders, it is the factor 
which limits the horse power output of the locomotive. 
Excluding certain designs suitable for meeting excep- 
tional conditions or working at unusually high pressures, 
the locomotive boiler, as built today and for many years. 
past, is of the horizontal, multitubular internally fired 
type. This type fits the chassis on which it is carried 
better than any other thus far devised. It can easily be 
forced to high rates of evaporation, and its various parts 
are readily accessible for inspection and repair. The 
weakest feature of this type of boiler is the firebox, the 
inside and outside shells of which are tied together by 
means of staybolts. The breakage of these bolts has. 
always been a source of danger and expense, but this. 
trouble has been largely eliminated by the use of flexible 
bolts which accommodate themselves to the unequal 
expansion of the inside and outside firebox shells. 

The modern locomotive boiler has a firebox of suffi- 
cient size to burn the necessary amount of fuel with a 
moderate combustion rate — that is, from 60 to 100 
pounds per square foot of grate per hour. With the 
restricted grate areas formerly used the combustion rate 
was frequently in excess of 120 pounds, sometimes reach— 
ing the high figure of 200 pounds, with consequent ex-. 
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cessive stack losses and low efficiency. The various 
boiler accessories, such as the grate, ash pan, smoke- 
stack, and the arrangement of the front end, have all 
been made the subject of careful study with a view of 
improving the evaporative efficiency. The exhaust 
nozzle under the stack has also received careful atten- 
tion, as upon it depends, to a large extent, the efficiency 
of the exhaust jet as a draft producer. It is important 
that this efficiency be obtained with a minimum back 
pressure on the pistons, as the horse-power output of 
the locomotive is thereby materially increased. 

The modern locomotive boiler is frequently fed by a 
pump, and the feed water is preheated by using a por- 
tion of the exhaust steam from the main cylinders. In 
some cases an exhaust steam injector is used. Either 


THE TECH ENGINEERING NEWS 221 


careful attention, but he exerts no more manual labor 
than on a coal burning locomotive equipped with a 
stoker. 

As far as the locomotive chassis is concerned, the 
most notable recent development is the one-piece bed 
comprising, in a single steel casting, the cylinders with 
their steam chests and saddle, and the two main frames 
with front and back bumpers and all cross braces. In a 
large engine one piece thus replaces approximately 250 
separate pieces, of which 35 are major parts. This 
simplifies the maintenance problem by the elimination 
of a large number of bolts, which require frequent in- 
spection and are subject to breakage. The one-piece 
bed has now been in service a sufficient length of time 
to prove itself a thoroughly practical device; and while 





This type of locomotive is designed for fast passenger traffic on comparatively level divisions. Oil is burned for fuel. 


device is more efficient than a live steam injector, one 
of which, however, is always applied for supplemental 
or emergency use. 

The modern locomotive invariably uses superheated 
steam, and the superheater pipes are placed in enlarged 
boiler tubes, where they are directly exposed to the high 
temperature of the furnace gases. The superheater, by 
eliminating cylinder condensation, has increased the 
efficiency of the locomotive as well as its capacity per 
ton of weight, and has literally made practicable the 
very large units which have been built during recent 
years. 

Practically all large coal burning locomotives are 
now being equipped with mechanical stokers, as the 
amount of fuel burned is beyond the limits of hand 
firing. Several different designs of stokers are in suc- 
cessful use, but all are of the over-feed type, employing 
steam jets to scatter the coal. Where oil is used for fuel 
— and it is being burned with great success in certain 
sections of the country — the fireman must give his fire 
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its use, in new construction, has not yet become uni- 
versal, it is being applied to an increasing extent. 
Several years ago, the three-cylinder locomotive was 
attracting considerable attention, and quite a number 
were built and were placed in passenger, freight, and 
switching service on various railroads. That there are 
theoretical advantages in this construction cannot be 
denied; but the parts comprising the middle engine are 
difficult of access, and maintenance costs are high. For 
these reasons, the three-cylinder type is no longer being 
built, except in certain special instances. With the large 
driving wheels so generally used on modern heavy power, 
the two-cylinder locomotive can be satisfactorily bal- 
anced; and this is made the more possible in cases where 
the weights of the reciprocating parts and other ma- 
chinery details are reduced by using special alloy and 
heat-treated steels. When it is remembered that piston 
thrusts of 75 tons or even more are not uncommon in 
large locomotives, the need of giving most careful 
(Continued on page 234) 





One of the latest developments in locomotives is pictured here. This locomotive runs with the cab end leading, giving the 
enginemen a good view of the track, and keeping gas and smoke out of the cab when 
passing through long tunnels and snowsheds. It is an oil-burner. 





The Fossils of Eastern Massachusetts 


BY HERVEY W. SHIMER 
Professor of Paleontology, Massachusetts Institute of Technology 


HY should fossils be so rare in eastern Mas- 

sachusetts? The shells being buried today 

in the bays off the Massachusetts Coast 

should give an abundance of fossils in the 
geologic tomorrow. Why did not those buried in the 
geologic yesterday yield us fossils today? The answer 
is written clearly in the rocks themselves. For most of 
geologic time this region was a land area rising at times 
into mountains, which were in turn worn down through 
the action of frost 
and wind and rain to 
level plains. Again 
with accompanying 
explosive volcanoes 
and lava flows, por- 
tions were down- 
faulted. At other 
times, the region was 
scoured by glaciers 
which left deposits of 
boulders, sand, and 
mud, now changed 
into conglomerate, 
sandstone and slate. 
The conditions were 
such that in practi- 
cally none of these 
deposits, voleanic Post-Pleisto- 





very distantly related to the present-day lobster. The 
shape of their skeletons indicates that the majority were 
probably mud-grubbing in habit, somewhat like the 
modern horseshoe crab. In the clearer waters of the 
oceans of the early Cambrian lived many forms with a 
conical shell probably most closely allied to our present- 
day pteropods, which swim by the movement of two 
wing-like arms. These are numerous in the white lime- 
stone of Nahant. In these same limestones and in the 
red limestone boul- 
ders found on the 





Carboniferous 
plants. Left, 
the horsetail 
Calamites. 
Right, the seed- 


fern Neurop- 


teris. These 
were very 
abundant in 
the swamps of 
eastern Mas- 
sachusetts 250 
million years 
ago. 


Cohasset beach occur 
many primitive ma- 
rine snails. 

The second time 
when fossils were 
abundantly pre- 
served in this region 
was during the Car- 
boniferous period. 
This began about 250 
million years ago and 
lasted some 50 mil- 
lion years. At that 
time mountains were 
slowly formed 
throughout all east- 
ern North America. 
In eastern Massa- 


ash, lava flows, or 
debris from glaciers 
could animal or plant 
remains be preserved. 
Naturally, during the 
very long _ periods 
when the region was 
being worn down 
from mountains to 


cene fossils. 
The largest 
shell is an oys- 
ler nine inches 
long. The 
snail is Bucci- 
num and the 
thirdis the 
clam Scaph- 








low plains, none of  arca. 
the life then living 
could be permanently preserved. 

New York State was covered with ocean waters 
during nearly all of the Paleozoic Era of earth history. 
Here, the record of the life of this long era of 350 million 
years, according to the radioactivity clock, is abund- 
antly preserved. In eastern Massachusetts, on the 
contrary, there is a record of the life of only the begin- 
ning (Cambrian) and the end (Carboniferous) of this 
era. During the Cambrian period, the ocean waters 
spread widely over this region receiving deposits of mud 
and lime, deposits that were, during the ensuing geo- 
logic ages, converted into slate and limestone under the 
pressure of the upheaval of the region into mountains 
and the injection of hot molten rocks. In the slates 
which are exposed in Braintree and Weymouth and in 
the limestones on Nahant there are fossils of many of 
the animals which lived in the ocean waters during those 
distant times — a period lastingsome 70 million years 
beginning about 550 million years ago. 

The fossils which are still preserved in these Cam- 
brian rocks give evidence of an abundance of life in this 
ancient embayment of the Atlantic Ocean. The kinds 
of living beings were naturally entirely different from 
those of today. The most spectacular as well as the 
dominant forms were the trilobites, a group of animals 





chusetts broad 
swamps developed 
between the ranges 
of mountains, and in 
these much plant life 
accumulated to be 
later changed into 
coal and even graph- 
ite. At least once, 
during this long time 
the climate became sufficiently cold for glaciers to 
develop upon the higher mountains. In places these 
ancient glaciers deposited angular boulders as at 
Squantum; but usually the boulders had become 
rounded by the streams beneath the glacier before they 
were deposited beyond the ice front. ‘Fhese rounded 
boulder deposits are called Roxbury conglomerate in the 
regions to the west and south of Boston. They are 
easily seen in Franklin Park. Where the glacial streams 
poured their waters into a lake, the coarser material 
would be deposited near the front of the glacier and 
farther out the finer muds would be laid down; such 
muds, now changed to slate, are well exposed to the 
north and west of Boston, where they are called Cam- 
bridge slate. This slate occurs 120 feet beneath the 
M. I. T. buildings. Towards the close of the Carbonif- 
erous period the uplift and folding of the mountains 
became more intense, and from a reservoir deep in the 
earth huge amounts of molten rock material forced its 
way upwards. Where this molten matter reached the 
surface volcanoes were formed, which at times of ex- 
plosive action gave rise to deposits of ash, and, during 
more quiet eruptions, to lava flows. These now hard- 
ened remains of volcanic action are well exposed on 
Atlantic Hill at the southern base of Nantasket Beach, 
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and to the west of Boston, as at Needham. The Quincy 
granite is the molten material that hardened far below 
the surface and now appears to view through the re- 
moval (by erosion) of the mile-deep rock layers above it. 
The intense mountain folding likewise transformed the 
swamp deposits of plants and mud past the stage of the 
hard anthracite coal into a graphitic anthracite seen, for 
example, at Mansfield, or into a graphitic slate, as at 
Worcester. In many cases, however, the plants have 
not been entirely destroyed and thus give us some idea 
of the vegetation of those distant times. 

In the Worcester region for example, although the 
plants are badly altered through the heat developed by 
the pressure of folding into mountains, there have been 
recognized plants similar to some of those so well pre- 
served in the coal regions of Pennsylvania. These in- 
clude the huge club moss, Lepidodendron, the seed plant 
Cordaites and some horsetails. In the southern part of 
Massachusetts and in Rhode Island the fossils are better 
preserved. From the Mansfield region dozens of species 
have been recognized. These include several represent- 
atives of that peculiar group called seed ferns, transi- 
tional from ferns to seed plants. This group is confined 
to the later Paleozoic. All of these species are very 
abundant in the rocks of this southern area. Here, like- 
wise, occur, along with the plants, many fossil roaches, 
which must have swarmed in those damp regions. This 
preference for a damp habitat 
they have retained to the pres- 
ent day, though with the coming 
of man, some species have taken 
up a residence in the damp parts 
of ships or back of the kitchen 
sink. 

The third period in which life 
has left a record of its existence 
in eastern Massachusetts began 
in the early days of the Pleisto- 
cene period, about one million 
years ago, and has continued, 
with some interruptions to the 
present. The long period follow- 
ing the close of the Paleozoic 
was largely one of erosion in 
this region. At the beginning of 
the Pleistocene, eastern Massa- 
chusetts was depressed, bringing 
the ocean waters into the lower- 
lying river valleys, thus forming 
such embayments as_ Boston 
Bay. Within the muds brought 
by the rivers into this embay- 
ment were preserved the shells 
and other remnants of the life 
of those waters. When later the 
vast continental glacier ploughed 
its slow way across the bay from 
northwest to southeast, it car- 
ried these muds and fossils with 
it, and deposited them in elon- 
gated hills (drumlins) or broadly 
upon outwash plains, as in 
Hingham and Cohasset. Great 
Head, in Winthrop, is a drumlin 
cut by the ocean waves; in this 
and many others, as well as in the sandplains sectioned 
by man in his sandpits, pre-glacial fossils are found. 

After the Great Glacier had melted away from this 
region, the ocean again gradually flooded the bays and 
within the muds accumulated here we may read a record 
of the life of the seas from that time to the present. 
For example, within the Back Bay area of Boston about 
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Paradoxides, a trilobite of the Middle Cambrian 
from Braintree. (8 inches long.) The tribolites are 
very distantly related to the present-day lobster. 








Lower Cambrian fossils, 500 million years old. From left 
to right they are as follows: Raphistoma, a marine snail 


from Cohasset (3 mm. wide); the marine Stenotheca from 


Nahant, possibly a snail; and Hypolithes (one inch long), 
allied probably to the living pteropods. 


12 feet of mud was accumulated before the appearance 
within it of early colonial refuse, such as broken dishes 
and tools, gives indication that representatives of 
European civilization had arrived. The fossils in the 
basal four feet of this deposit are similar to the shells 
living off the Virginia coast today, indicating that 
the ocean waters here at the 
close of the Glacial period were 
warmer than today. The upper 
eight feet contain remnants of 
an ocean life like that of this 
region today, except that oys- 
ters remained abundant until 
years after the colonists had ap- 
peared. These post-glacial fos- 
sils are seen in excavations on 
the Massachusetts Institute of 
Technology grounds, and the 
Boylston Street subway has 
burrowed its way along this bed. 
Pre-European man, a couple of 
thousand years ago at least, also 
left a record of his presence here 
during the early stages of the 
gradual return of the ocean to 
its present height. The subway 
encountered, near the corner of 
Boylston and Berkeley streets, 
nearly opposite the Massachu- 
setts Institute of Technology, 
Rogers Building, the remnants 
of a fish weir with vertical rods 
and horizontal withes in place. 
The rods had been roughly 
sharpened by a stone axe for 
driving into the tough glacial 
clay. 

During most of geologic time, 
eastern Massachusetts has been 
subject to mountain foldings, 
volcanic eruptions, faultings and 
an erosion which has removed a 
thickness of rocks amounting to 
at least a couple of miles. 
Throughout this long time of 550 millions of years, 
marine fossils are practically limited to its beginning 
(Cambrian) and its close (Pleistocene and post-glacial). 
Halfway between these two extremes, the Carboniferous 
coal swamps furnish us with an imperfect picture of 
some of the plant life of this region a quarter billion 
years ago. 


“ay 
— 


te 
~— 


P{|£i fi 
f J 


ei F 
Z 
A 





The Locomotive Goes to Sea 


BY O. G. C. DAHL* 





Associate Professor of Electric Power Transmission, Massachusetts Institute of Technology 


CONSIDERABLE portion of the equip- 

ment used today by railroad companies in 

South America, Asia, Africa, and Australia 

is made by American and European manu- 
facturers. Where this equipment cannot be delivered 
by rail, it is transported to its destination on ship- 
board. Until recently the general method was to ship 
the major items such as locomotives, coaches, and other 
cars “‘knocked down,” the parts susceptible to injury 
during the voyage usually being crated. The latter 
method was employed because no ships were available 
which could handle a large number of fully erected 
units with safety and expedition. 

The inherent inefficiency of the “knock-down” 
method of transportation is readily disclosed by even a 
cursory analysis. Consider 
the case of a locomotive, 
for instance. At the manu- 
facturing plant a locomo- 
tive built for export must 
usually be fully erected in 
order to be given try-outs 
and prescribed acceptance 
tests before the purchas- 

r’s representatives. Upon 
thesatisfactory completion 
of these tests it has to be 
partly dismantled prior to 
its loading onthe ship. This 
operation obviously _ in- 
volves delay and expense. 
Then at the destination 
additional time is con- 
sumed while the locomo- 
tive again is being erected 
and tested. Evidently, due 
to the frequently more 
limited facilities at the 
receiving end, the time 
lost, as well as the additional expense involved, may be 
considerable. The result is that it may take months 
before a locomotive exported in this way can be put into 
railway service. 

If, on the other hand, a locomotive is shipped fully 
erected, considerable savings of time and money result. 
Force majeure excepted, it is possible to put such a loco- 
motive into actual operation immediately upon its being 
discharged. Usually all that is necessary after the loco- 
motive is landed on the track is to get up steam, where- 
after it may proceed under its own power and be useful 
to the railway company without any loss of time. 

In order to handle heavy railway equipment fully 
erected, ships especially designed for such service are 
needed. In addition to handling locomotives and roll- 
ing stock, such ships are equally suitable for the trans- 
portation of other types of cargo involving the handling 
of heavy units; for instance, they can take care of 
barges, tug boats, boilers, drums and reaction chambers 
for oil refineries, kiln shells for cement factories, etc. 
Furthermore, they can handle electric generators and 
motors, engines, pumps, excavating machinery, heavy 
machine parts in general, and numerous other items. 


*Consulting Engineer (in U.S. A.) for Christen Smith, Ship Owner, 


Oslo, Norway. 





Loading of an 88-ton Baldwin locomotive on the Beldis. 
Being a small ship, the list is considerable when a heavy 
weight like this is hoisted. This, however, does not prevent 
the locomotive being brought on board with complete ease. 


This means that a number of articles which it has been 
customary to ship completely knocked down may 
advantageously be transported fully or partly erected 
with substantial savings to manufacturer and purchaser 
alike. Finally, such ships can be used for general cargo 
just as well as vessels of ordinary design. 

There is only one fleet of vessels in operation today 
built with this particular service in view. Such special 
ships must in many respects be considerably stronger 
and more substantially built than ordinary cargo ves- 
sels, and these ships are all constructed in this way. 
They are, therefore, necessarily more expensive than 
vessels of ordinary design. They are equipped with 
extremely large hatches in order to make it possible to 
lower even the longest railway coaches into the holds. 
To facilitate stowage, they 
have nobetween-decks and 
no extensive fore-and-aft 
bulkheads. The necessary 
strength is obtained by 
using exceptionally heavy 
frames and thick plates in 
the hull and deck construc- 
tion. 

An appreciable part of 
the cargo is usually carried 
on deck. In order to make 
this feasible the bulwarks 
and hatch coamings are 
also of a special and par- 
ticularly strong design pro- 
viding substantial sup- 
ports for the deck cargo. 
The bulwarks and coam 
ings are approximately 
seven feet high and are 
provided with heavy stan- 
chions and brackets so as 
to give ample strength and 
to provide adequately for the fastening of lashings. 

A few particulars on these vessels for special cargoes 
are tabulated below: 














| | d. w. | 
Ship Length | Breadth | Ton- | Cranes | Dimensions | 
| | | nage | of Hatches | Speed 
Sas | | aa | 
M/V | | | 
BELJEANNE | 428 ft. | 68 ft. | 10,210 | Three Three hatches | 11 knots 
M/V | i120 tons) 75 ft.X26ft. | 
BELPAREIL | 
M/V | 
BELMOIRA | $41 ft. |49 ft. 4 in.| 4,518 | One 120 | (1) 71 ft. X22 ft. 10 knots 
M/V tons, one! (2) 40 ft. X22 ft. 
BELPAMELA | 45 tons | (3) 45 ft. X21 ft. 
M/V 
BELNOR 319 ft. 47 ft. $3,940 | One 120 | (1) 51 ft. X21 ft. | 10 knots 
tons, one! (2) 51 ft. X21 ft. 
45 tons | (3) 37 ft. X21 ft. 
M/V 
BELRAY $29 ft. 47 ft. 4,275 | One 120 | (1) 51 ft. X21 ft. | 10 knots 
itons, one! (2) 51 ft. X21 ft. 
45 tons | (3) 37 ft. X21 ft. 
M/V 
BELDIS 3083 ft. 46 ft. 3,400 | One 120 | (1) 47 ft. X20 ft. | 10 knots 


[tons, one! (2) 47 ft. X20 ft. 
| 45 tons | &) 41 1 ft. xis ht. | 








(( satin on page 246) 
































































November, 1930 THE TECH ENGINEERING NEWS 





Left. An 80-foot sleeping car being placed on the top of 
the superstructure of the Belpareil. There is sufficient 
lifting height and space for the ready manipulation of 
cars of this length. 





Right. A 96-ton barge, 100 feet long and 25 feet wide, 
being taken on board the Beljeanne. This picture also 
shows how the tenders on the hatchtop are lashed. Note the 
heavy turnbuckles. 





Left. The loaded ship Beljeanne 
leaving the harbor. Note the high 
freeboard which contributes mater- 
tally to the ship's ability to carry 
large deckloads in stormy weather. 





Right. A view of the closely packed locomotives. Great 
care is taken with the lashing so that no movement is 
possible. 





Left. Main deck of the Belpareil and superstructure 
loaded with passenger cars and locomotives. This picture 
shows clearly superstructure beams resting on their col- 
umns, the diagonal bracing and the fore-and-aft struts 
fastened to the tripods on the bridge deck and to the pole 
masts. 












Air Conditioning Arrives for the 
Passenger Train 


BY J. H. DAVIS 
Chief Engineer, Electric Traction, The Baltimore and Ohio Railroad 


VER since the beginning of railroads, over a 
hundred years ago, people have considered heat 
and dust as an inevitable accompaniment of 
railway travel during the summer. When steel 

passenger cars were first coming into use, over twenty- 
five years ago, they seemed to be warmer in the summer 
and more difficult to heat in the winter than were the 
wooden cars. The early steel cars were not as well 
insulated as are those of today and as the metal side 
sheets were good heat conductors, the problem of main- 
taining comfortable temperatures in the car during the 
summer was more important than on the earlier wooden 
cars, and it was at this time that serious attention was 
first given to some practical means of conditioning the 
air with respect to its temperature and humidity and 
excluding the dust. 

Ventilation of the interior of railway passenger cars 
to prevent unfavorable atmospheric conditions had for 
many years been given much attention by railroad 
managements and equipment designers, but a complete 
and satisfactory solution of the problem from a stand- 
point of freeing the air from dust, soot, cinders and 
other foreign matter and conditioning it with respect 
to temperature and humidity was not obtained until 
July 1929. It was generally recognized that a practical 
solution of this problem, especially during the summer, 
is desirable but a satisfactory solution had been re- 
tarded, if not prevented, because of an inadequate 
supply of electric energy on the moving train as well as 
space and weight limitations for the required equip- 
ment applicable to individual cars. Recent advances 
in the art of electric power generation on the moving 
train and developments in air conditioning equipment 
offer promise of overcoming these limitations. Atten- 
tion, however, is called to the fact that the art of air 
conditioning as applied to railway cars is new and 
while it is believed it is founded on sound principles, 
considerable development is necessary to perfect it for 
general railway application. The Baltimore and Ohio 
was a pioneer in this field, and in other respects, in its 
efforts to increase the safety and comfort of railway 
passengers and is continuing experimental work along 
this line with a view to simplifying the equipment, 
reducing space and weight limitations and the cost of 
the equipment. 


Early Conception 


Travel during the summer in the early steel cars was 
not only uncomfortable but at times very disagreeable, 
especially if you happened to have a seat on the sunny 
side of the car. I was impressed by the fact that the air 
currents through the car windows were not uniformly 
distributed through the car and as a consequence there 
were air pockets, or dead spaces, where little or no 
circulation of air took place. Such air as was admitted 
through the open windows was more or less laden with 
dust and cinders which together with the intensive heat 
seemed to demand improvement not only from the 
standpoint of comfort but also health. On a railway 
car the speed of movement while the train is in transit 
is generally sufficient to create a breeze, whether run- 





ning with the wind or against it, and the thought 
occurred to me that if advantage could be taken of the 
natural air currents which are available while the car 
is in motion that more comfortable conditions could be 
provided within the car in this manner than by having 
the windows open. Furthermore, a great deal of the 
noise would be excluded by keeping the windows closed 
and if the air delivered to the interior of the car was 
admitted near the top, at the ends of the car, it could 
be drawn or forced through a water curtain or spray 
where all the dust and foreign matter would be removed, 
after which clean washed air would be delivered in the 
car. 


Original Sketches of Air Conditioning Equipment 
for Railway Cars 

It is interesting now, after twenty-five years, to 
study the original sketches of air conditioning for rail- 
way cars which were made in July 1905 and compare 
them with the applications recently made. The prin- 
ciples involved are identical. The original sketches 
provided for the application of a motor-driven cen- 
trifugal pump located beneath the car floor, and an 
overhead tank in one of the saloons at the corner of the 
car to which tank was attached a pipe with a slit in it 
through which the water would issue in a curtain form 
and through which water curtain the air for use in the 
car would be drawn by a motor-driven fan. Provision 
was made for recirculating some of the air within the 
car and taking in enough outside air to prevent vitia- 
tion. No provision for air conditioning during the 
winter was made. We now know that this is desirable. 
Twenty-five years ago domestic electric refrigerators 
had not been developed and therefore no provision was 
made for mechanically refrigerating the water to be 
used in the water curtain in order to reduce the tem- 
perature of the air. Ice was considered but rejected as 
impracticable on account of space and weight limita- 
tions. It was felt, however, that the use of water or 
possibly a weak solution of calcium chloride would, in 
addition to arresting the dust and foreign matter, have 
some beneficial effect upon the temperature and humid- 
ity of the air. 


Power Supply 
It was soon discovered, however, that the amount 
of electric power required for operating the lights on 
the car, charging the batteries and for the motors driv- 
ing the pump and fan was in excess of the capacity of 
the axle generators with which the cars were being 
equipped at that time. Furthermore, the power supply 
from the axle generator was not available until a speed 
of 20 to 25 miles per hour was reached. Under these 
conditions there seemed no hope of solving the air 
conditioning problem unless a form of power supply was 
developed which would have sufficient capacity, also 
provide a continuous supply of electric energy while 
the car is in transit. The air conditioning idea had to 
be held in abeyance until a suitable form of power 
supply could be developed. 
(Continued on page 240) 
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Lode 


BY JOSEPH E. A. KANIA, ’30 


Economic Geologist 






ODE mining, that is the production 
of ore from well-defined veins sur- 
rounded by rock, in Alaska is a very 
interesting process. Methods are 

often antiquaied and inefficient, but the 
high quality of the ore obtained is in 
sufficient demand to make the industry 
profitable. In the Mayo district, Yukon Territory, 
many tons of silver-lead concentrates as well as rich, 
hand-sorted ore are mined and transported daily. 
The methods of prospecting, a description of the ore 
deposits, and the methods of handling the ore will show 
clearly the difficulties under which remote mining opera- 
tions must be carried out. 


Prospecting 


Since outcrops, that is veins which have broken 
through the surface of the earth, are the exception and 
not the rule, most of the prospectors receive their initial 
stimulus from float found on the surface of the muck. 
The entire area is covered with a hard frozen till, and 
deep prospecting ditches are necessary to reach the 
veins in most cases. The prospector first digs drainage 
ditches from the spot under which he suspects the ore 
to be leading to a small pond through an automatic 
sluice gate outlet. With the aid of the snow water which 
is abundant in the spring, he is able to cut deep ditches 
in the surface muck in order to reach the bed rock below. 
Some of these ditches, on steep hill sides, reach depths of 
fifty feet or more, their almost vertical walls only three 
feet apart. The heavy moss covering on the top of the 
ditch is sufficient to conceal all but six inches of its 
width. The successful prospector, having made his find 
in one such ditch, proceeds to work it in the usual 
method. Despite the obvious inefficiency he is usually 
well repaid for his labors since he obtains a very high 
grade ore. 








Prospect ditch with sluice 
gate in background. 
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The Ore Deposits 


When the prospector is fortunate enough 
to make a strike, he will find a steeply 
dipping vein of siderite, mangano siderite, 
and quartz gangue containing sulphides, 
sulphantimonides, sulpharsenides, carbon- 
ates of silver, lead, zinc and some copper. 
The country rock surrounding the vein consists of pre- 
Cambrian schists and quartzites, with some Devonian 
greenstones. The silver, most valuable of the several 
occurences, comes mainly from primary freibergite, and 
the lead from galena. 

Average assay values of the ore shipped from various 
prospects and mines in this district are as follows: silver, 
150-250 ounces per ton; lead, 50-65 per cent; gold, 
$2-$3. 

Individual samples occasionally assay 1500 ounces or 
more of silver to the ton. The production figures during 
the year 1929, from this particular district: lead, 8144 
million pounds valued at $433,000; silver, 314 million 
ounces valued at $134 million. 

The large operators concentrate their own ore at 
mills within the district. Power for this operation is 
supplied by Deisel engines, oil being shipped in by the 
barge load. The concentrates and ore are shipped to 
Tacoma, Washington, for refining. 


Transportation 


To the uninitiated, the methods of transportation 
used within this district appear to be very crude. Water 
routes are used where ever possible, wood-burning stern 
wheelers being used on the Yukon river itself. Each day 
one such boat makes the trip from Dawson to White- 
horse, at a speed of from four to six miles an hour. 
Stops to take on wood for fuel are very frequent and 
the progress of the boat is therefore very slow. The fact 

(Continued on page 250) 





Shaft, hoist, and sorting shed of a typical prospect. On right, sacked ore ready for shipment. 
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THE SCIENTIFIC PERIODICAL 

THE evident lack of time in an engineering training 
for an extended cultural instruction has been the sub- 
ject of previous comment not only in these columns, but 
wherever people have been interested in adequate cur- 
ricula. So well is this situation known that there is no 
need for more general comment. It is peculiar however 
that the converse has never worried anyone in particu- 
lar. The engineer who has a cultural bent in some direc- 
tion can follow his hobby as far as he pleases without 
too much trouble. If for instance he likes music, gets 
more out of it than the average person, there is a wealth 
of material from which he may draw no matter what 
his purpose. Whether he would be a performer, listener, 
or connoisseur, he can find people and the records of 
people who have regarded music in precisely the same 
manner as he does. 

What about the man who has had other professional 
or liberal arts training who would like to become con- 
versant with engineering and scientific subjects? He is 
in a much more difficult position, and the difficulty is 
one which is hard to understand. Science exerts a great 
fascination on people in general. This can readily be 
appreciated if one will glance at the several hundred 
publications in the Institute’s libraries. If he were to 
attempt to classify them, he would find that they fell 
invariably into two classes — those to whom science is 
a business (which of course form the great majority), 





and those to whom science is at once a magician and a 
fool in the medieval sense. With perhaps one exception 
there is nothing for a person who takes science seriously 
and yet who does not follow it as a profession. The same 
discrepancy exists in the bound literature. What effort 
has been made to fill this gap has been made by profes- 
sionals in science whose long acquaintance with their 
work prevents their appreciation of the working of the 
undirected mind. Most elementary books are frankly 
pedagogical; they contain matter extraneous to the 
needs of the recreationist to such an extent that he 
would find himself floundering aimlessly. 

We must conclude then that the interest of the gen- 
eral public in science is highly superficial. Periodicals 
to stand on their own feet must have advertising; for 
this, they must have circulation, and in order to have 
circulation, they must have such an appeal that read- 
ers will buy in large quantities. The publisher of a book 
must be reasonably sure that enough copies of it will be 
sold to warrant the expense, if the income is to be de- 
rived from sales. If trash is published, it is because 
that is what people in general want. Our conclusions 
are born out in part by noticing the similar situation 
that confronts the person interested in finding a rational 
and complete account of the important happenings of 
the day through the medium of newspapers. 

This situation is a hindrance not only to the Gen- 
tiles of science, but it is one that hits at the scientist 
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himself. Specialization is a word that is used ruthlessly 
by critics of our generation; and the epithet is well de- 
served. One cannot know everything about chemical 
engineering and have the time left to get a good survey 
of other branches of engineering in our schools. The 
engineer who would throw off the bonds that hold him 
to his own branch will find it difficult. There is no 
medium by which a broad view of other things can be 
attained, and considering the wealth of excellent pro- 
fessional journals, the poverty in this field is astonishing. 

It is only recently that the person whose abilities 
and ideas depart from the group has received national 
attention. Criminals have come to be regarded as a 
scientific problem; school children and students who are 
above the average in ability have come to be regarded 
as a scientific problem — and so it goes. We come to 
regard people as individuals, and not as the groups 
which American education seems formerly to have re- 
garded as its basis. To those whose problems we have 
been forced to deal with we have given increasingly 
rational solutions. Concerning the broader aspects of 
social problems, we have not felt enough pressure. 

He who wishes to make science a serious hobby 
should be able to do so. There are such people — scien- 
tific magazines at their inception sometimes have had 
a serious purpose, as can be seen by reading the earlier 
volumes of the present degenerates. Only as the desires 
of the majority of readers became apparent did they 
yield the frankly popular type of material. The depend- 
ence of a magazine upon its circulation ought to be re- 
moved. Many philanthropists have endowed various 
institutions and established various foundations, but it 
has not occurred to them to endow a publication for the 
dissemination of general knowledge and general infor- 
mation. This would be a boon not only in the scientific 
field, but in the field of newspapers as well. Endowment 
will be necessary as long as circulation depends on the 
whim of the public. The writer knows of one professor 
who habitually subscribes to certain magazines which 
he feels ought to be supported because of their worth. 
Were all of us to take this attitude, there would be no 
problem. 


THE SCHOLASTIC MORTALITY RATE 


CuristIAN Gatss, Dean of the college, Princeton 
University, in a recent article entitled ““Why Students 
Fail’? quotes some statistics on engineering education. 
He states that in an investigation conducted by “‘The 
Society for the Promotion of Engineering Education” 
it was found that out of every one hundred entering 
students, but sixty-two successfully completed their 
first year, and went on with their class, and forty-two 
completed the first two years. The others were dropped 
from college for various reasons, but the predominant 
reason was given as scholastic failure. Of every three 
men who enter college, two never finish. The exact 
terms show that only 3714 per cent ever leave with a 
diploma. 

These statistics which have been compiled from in- 
vestigations at the different engineering - colleges 
throughout the country show the average mortality 
rate among those studying to enter the engineering 
field. Of course some technical schools have a higher 
standard than others. Massachusetts Institute of Tech- 
— is reputed to maintain exceptionally high stand- 
ards. 

The conclusion to be drawn by us from a report of 
this nature are obvious. If we are not to be numbered 
among the casualties our best efforts must be put forth 
at all times. Only in that manner can we hope to attain 
the coveted sheepskin. 
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CHARLES FAYETTE TAYLOR 






Acting Head of the 
Department of Aeronautical 
Engineering 





Charles Fayette Taylor is one of the youngest men to hold 
such a position at the Institute. In New York City on Sep- 
tember 24, 1894, he was born, the son of Henry L. Taylor 
and Margaret (Bradt) Taylor. He received his early educa- 
tion at the public schools of Montclair, New Jersey. In 
1915, the Sheffield Scientific School granted him the degree of 
Ph.B. and in 1920, at Yale University, the degree of M.E. 

After finishing his school days, he was employed by the 
American International Corporation as an engineer. Shortly 
afterward he entered the field of aviation, which he has fol- 
lowed successfully, as the civilian inspector of aircraft mater- 
ial for the United States Signal Corps. In October 1917 he 
transferred from the Army to the Navy as an Ensign of the 
United States Naval Reserve Corps so that he might work 
on the development of airplane engines. He was placed in 
charge of the Aeronautical Engine Laboratory of the United 
States Navy at Washington, D.C. One of the most important 
results secured at this time was the proving by very extensive 
tests that airplane engines could be run without gas and oil 
if mineral oil was used. At this Laboratory a great deal of the 
experimentation on the engines of the NC4, NC1, and NC2 
was carried on in order to prepare them for the first trans- 
Atlantic flight. 

From 1920 to 1923 he was the Engineer in Charge of 
Power Plant Laboratory, Engineering Division, United States 
Air Service at McCook Field, Dayton, Ohio. Mr. S. D. 
Heron did a great deal of work in his laboratory at this time 
in proving that large-size air-cooled cylinders were suitable. 
The high speed, heavy duty, water-cooled engine which is 
the prototype of many present day engines was developed 
there in codperation with the Curtiss Company. 

At the Wright Aeronautical Corporation, Paterson, New 
Jersey, he was the engineer in charge of airplane engine design 
and development from 1923 to 1926. They were the first 
organization to produce air-cooled engines in large quantities. 
The fundamental developments in the air-cooled engine were 
carried out and led to the perfecting of the famous “ Whirl- 
wind.” This motor is believed to be directly responsible for 
many historic flights, such as those made by Lindbergh, Byrd, 
and Chamberlain. He was personally in charge of the motors 
used by Byrd in his North Pole flight. 

He came to the Institute in 1926 as an associate pro- 
fessor in Aeronautical Engineering and was made professor 
and acting head in October, 1929. His work at the Institute 
has been mainly connected with the power plant of the air- 
plane. A book discussing the heat transfer from air-cooled 
cylinders has been published by him. At present, he is con- 
ducting in the Engine Laboratory many experiments on the 
high speed Diesel engine for airplanes and on the subject 
of detonation. 

Several forms of athletics interest him — squash and 
tennis in particular. The little time that is left to him when 
all his duties are discharged is spent in painting and drawing. 
One of his drawings was the cover picture for the aviation issue 
of Tur Tecu ENGINEERING NEws in May, 1929. 


229 












Concrete Railroad Roadbeds are now claimed 
to be the solution to greater railroad speed. It has been 
the subject of extensive engineering research for the 
past few years to find the ideal railroad roadbed. 
Different types of rock, crushed stone, masonry, and 
concrete have been tried, but the concrete has been 
found to be superior. In addition to the extra speed 
obtained, it has been found that the cost of track main- 
tenance with concrete is comparatively small compared 
to the old types of beds. The maintenance of a tie and 
ballast type of bed is as much as thirty-five hundred 
dollars per mile. The test concrete track, however, has 
had only the rail wear for maintenance. Also, with con- 
crete, the track maintains its original line and surface 
because of its adequate strength, a thing that was un- 
known with the tie and ballast type. Tests have shown 
a reduction in train resistance of fifteen per cent and 
there is every indication of structural strength and 
permanence as the concrete is scientifically compounded 
to secure these properties. The following conclusions 
have been drawn by experiences on a well-known rail- 
road: 

A. The speed and weight of trains on stable concrete 
roadbeds will be limited only by mechanical require- 
ments for power, and not by the strength and condition 
of the track. 

B. Being continuously supported, the rail does not 
act as a beam, therefore the weight can be greatly 
reduced. 

C. More metal can be put into the head of: the rail 
to take wear and the metal itself made harder and 
tougher. 

D. Rail joints can be eliminated, which fact both 
passengers and railroad men appreciate. 

With such improvements, the efficiency of railroad 
systems will certainly be increased. 


An Ultra-Streamlined Car has just appeared, 
which combines many new ideas in automobile con- 
struction. To secure a well streamlined front, the 
engine is mounted at the rear of the car. This engine of 
eight cylinders is water-cooled by two radiators, placed 
one on each side. The luggage rack, built between the 
engine and the car interior, furnishes a soundproof par- 
tition, minimizing engine noises. Gaseous odors are 
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much less prevalent in this type of car, due to the posi- 
tion of the engine. The steering system is such that the 
car may be turned around in a thirty-nine foot circle. 

With a stripped chassis, the car reached a speed of 
sixty-three miles per hour and later the new stream- 
lined body increased it to eighty miles per hour. 

The cost of the car is at present prohibitive, but a 
lower price is expected when mass production is begun. 


Sprayed Metal Coatings for protection against 
corrosion have been developed by the food industries. 
The problem of corrosion prevention is extremely im- 
portant to these industries because of the necessity 
that their products be both pure and free from discolora- 
tion, and consequently they have become among the 
foremost of our industries in the use of expensive metals 
for construction purposes and operating equipment. 
However, they have found that under certain condi- 
tions the coating of cheaper metals, such as steel or 
cast iron, with a corrosion-resistant metal will serve 
their purposes. 

The accompanying illustration shows the operation 
of coating the outside surface of steel still coils. In this 
case the method of coating used is the spraying of 
molten metal by the Schoop process. This process is 
based on the principle that by the use of suitable 
apparatus any metal obtainable in the form of wire 
can be melted, atomized, and deposited on any desired 
surface. In the commercial apparatus used for this pur- 
pose, an oxy-acetylene flame melts the metal wire, and 
the molten metal is atomized and blown upon the 
surface to be coated by means of compressed air. By 
the use of this apparatus dense coatings may be pro- 
duced varying in thickness from less than a hundredth 
of an inch to over half an inch. 

Experience has shown that in many cases the use 
of metal coatings to reduce the quantity of costly cor- 
rosion-resistant metals required is commercially prac- 
ticable. 


A Steel Diving Chamber known as the batho- 
sphere has recently been designed as an aid to the study 
of marine life. This tank is formed of a single steel cast- 
ing and weighs 5,000 pounds. It is four feet nine inches 
in diameter and the walls are more than one and a half 
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The unique lines of this ultra-streamlined car are very striking. Note position of motor in rear to eliminate 
annoyance of noise and exhaust gases. 
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inches thick. The door, which weighs 400 pounds, is 
fastened by means of ten large metal bolts. It has a 
shallow metal gasket which fits into a groove, forming 
a joint which was perfectly waterproof at a test sub- 
mergence of 2,400 feet after it had been packed with 
a little white lead. There are three bullseye windows 
of fused quartz, which are eight inches in diameter and 
three inches thick. The electric cable is one and one- 
tenth inches thick and contains two con- 
ductors for lights and two for the phones. 
The cable passes through a stuffing box and 
is squeezed by glands inside and outside 
the cylinder. The light is supplied by a 
150-watt spotlight located on the front of 
the cylinder. Two tanks of oxygen are 
carried as well as a tray of soda-lime to 
remove carbon dioxide and a tray of cal- 
cium chloride to remove moisture. A 
maximum dive of 1,426 feet has been suc- 
cessfully made in this by the designer. 


et 





Activated Sludge from sewage mains, 
has long been a problem for speculation. 
The idea of obtaining high percentage 
nitrogenous matter from sewage by a suit- 
able activating process, seems to have 
originated about 1890. Although such a 
process was first used in England, one of 
the most modern plants is now located at 
Milwaukee, where a large staff of experts 
is employed in research on the subject. 

The guiding principle underlying the 
various processes which have been tried, 
is the fact that when sewage is exposed to 
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metric method for measuring so high a temperature, so 
its developers had recourse to a method of calculating 
the velocity of the molecules of the electrode metal 
which had been “boiled away” by the intense heat, the 
results of which could be used for computing the temper- 
ature. This apparatus was developed at the laboratories 
in connection with investigations into the character- 
istics of electric arcs in a vacuum. 





a considerable concentration of oxygen, Courtesy Food Industries 
which is accomplished by aeration, the Workman is spraying steel still coil with metal to prevent corrosion of 
nitrogen-fixing bacteria multiply rapidly, coil and pollution of substances to be contained init. By this process 


and a high nitrogenous sludge results. 

The process used at Milwaukee consists 
in aerating the sewage in large open vats, over consider- 
able period of time, allowing the sludge to settle, and 
then removing the excess of water by filtering and drying. 

Many obstacles were encountered in the process, 
such as complete precipitation of the sludge after treat- 
ment. The sludge has a variable specific gravity very 
nearly that of water, and consequently there is a tend- 
ency either to remain suspended or to settle, only to 
rise again. This difficulty was finally overcome by proper 
regulation of the flow of sewage. 

Before filtering, the sludge has to be treated with 
certain agents to coagulate the particles to a size suit- 
able for filtration. Sulphuric acid, and ferric chloride 
have been found to accomplish this result very satis- 
factorily. 

Although, when the Milwaukee plant was first put 
into operation it operated at a loss due to the lack of 
demand for the product, there is now a demand by 
fertilizer producers which cannot be supplied. 

At present, the disposal of the activated sludge is 
not only paying for the actual reduction process, but is 
paying about seven and one-half per cent on the original 
cost of the plant each year. 


The Hottest Spot in the Universe has recently 
been created at a Pittsburgh laboratory. The apparatus 
by which this intense heat, calculated to be approxi- 
mately 900,000 degrees Fahrenheit, is produced, is 
essentially an electric arc in a nearly perfect vacuum. 
As a means of comparison for illustrating the heat 
created by this apparatus, to speak of the heat of the 
sun would be to speak of a heat intensity of about one- 
ninetieth its magnitude. There is no direct thermo- 





less costly metals may be used to resist corrosion. 


To Repurify Helium which has become mixed 
with air, thus decreasing its lifting power, a mobile 
plant has been built. This plant consists mainly of two 
compressors, one handling air, the other helium. The 
air compressor supplies air to an expansion column 
which liquifies a large portion of it. The helium is then 
forced through copper tubes immersed in this bath 
with the resultant removal of impurities by liquifica- 
tion. The helium is delivered between 98-99 per cent 
pure. The loss during purification is about one per cent. 
The designers of the plant were responsible for the 
special fuel used by the Graf Zeppelin during her first 
flight from Friedrichshafen to Lakehurst. 


Aluminum is coming into use in the manufacture 
of street cars. For some years it has been used exten- 
sively for panels and interior finishing. With the 
development of stronger and more suitable alloys, it 
is taking the place of steel in the frames, body, and even 
trucks. Such parts as wheels and motors cannot, of 
course, be made of aluminum alloys, but it is estimated 
that in cases where they can be used, and the parts are 
made of equal strength, the material weighs only about 
half as much as the steel replaced. On a seventeen-ton 
steel car, the saving in weight by using an aluminum 
body amounts to three tons; if the trucks are also 
aluminum the total saving is four tons. 

The chief advantages of weight reduction are: de- 
creased power consumption, increased pay load, less 
track wear, and reduced noise. 

The aluminum surfaces are very resistant to corro- 
sion, thus lessening the upkeep of the car. Also the 
scrap value of the car is much greater than for steel. 
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DEPARTMENT OF 
CIVIL AND SANITARY ENGINEERING 

A new group of studies dealing with air transporta- 
tion has been added to the elective work offered in the 
fourth year to students taking the Transportation 
Option of the Civil Engineering Course. Students elect- 
ing this option will be required to take certain subjects 
offered by the Aeronautical Department in order to give 
them an aeronautical background, and the regular 
course in structural design offered to all civil engineer- 
ing students will be modified to include problems in the 
analysis of airplane stresses. Other subjects required of 
all students in the Transportation Option deal with the 
fundamental problems occurring in the design and con- 
struction of airports, hangars, mooring masts, and the 
like, and require no change. It may be mentioned that 
in the last ten years, a considerable number of graduates 
of the Civil Engineering Course have been engaged in 
aeronautical engineering, particularly in the design of 
airplanes, for which their training in the theory of struc- 
tures has well fitted them. Several of these graduates 
are amongst the leaders in this special branch of the 
aeronautical field. 

In addition to the Air Transportation Option, a new 
option entitled Geodesy and Seismology has been estab- 
lished this year under the direction of Professor Hosmer. 
This new option includes not only the geodetic work 
which has been given by the Department for many 
years, but also courses in seismology studied from the 
standpoint of the civil engineer who is especially inter- 
ested in the magnitude and character of the forces 
applied to structures by severe earthquakes. In con- 
nection with this option, M. W. Braunlich has been 
appointed as Research Associate in Seismology, and is 
devoting his entire attention to the development of a 
seismograph which will record the effects of severe 
shocks in the vicinity of the seismograph, something 
which the seismographs hitherto in use have not been 
designed to do. It is expected that the Wenner seismo- 
meter, ordered in 1929, will be completed and installed 
at Camp Technology before long, thus making this camp 
one of the important seismograph stations of the country 
and giving students taking this option an opportunity 
to become familiar with the operation of such a station. 

C. Hale Sutherland, Associate Professor of Struc- 
tural Engineering, Jeft the Institute during the summer 
to undertake his new duties as Professor of Civil Engi- 
neering and Head of the Department of Civil Engineer- 
ing at Lehigh University. Recent additions to the staff 
consist of J. B. Wilbur, S.M., M. I. T., Instructor in 
Structural Engineering; M. W. Braunlich, B.S., New 
York University, Research Associate in Seismology; 
and Leo Casagrande, Dipl. Ing., Vienna Technische 
Hochschule, Research Assistant in Soil Mechanics. 

Many interesting problems have been undertaken 
in the River Hydraulic Laboratory during the year 
under the direction of Professor Reynolds. Amongst 
these may be mentioned the investigation made upon 
a model of the Delaware Dam on the Mongaup River 
designed by the Charles T. Main engineering organiza- 
tion in order to devise a method of improving the scour 
conditions below the dam; also a series of tests to deter- 
mine the suitability of certain materials for use in the 
construction of a large dike along the Connecticut River 
in the City of Hartford, for which project Fay, Spofford 
& Thorndike have been serving as Consulting Engineers 
to Roscoe N. Clark, City Engineer of Hartford. These 


232 


latter tests involved consideration of hydraulic and soil 
problems and were conducted in detail by two graduate 
students in the Civil Engineering Course, S. J. Bu- 
chanan and J. H. Kenyon, under the general direction 
of Professors Reynolds and Gilboy. The results obtained 
were of great value in deciding upon the materials to be 
used in the cross section of the dike. 

Under way in the above laboratory at present is a 
test being made at the suggestion of the Massachusetts 
Department of Public Works, to investigate the erosion 
of the banks of the Connecticut River at a certain loca- 
tion. For the purpose of this investigation, a model of 
the river bed having an approximate length of 50 feet 
and width of 5 feet has been constructed, over which a 
current of water of known velocity may be passed. 
Application of the principles of hydraulic similitude 
makes possible conclusions as to the conditions in the 
actual river. 

This article would not be complete without men- 
tioning the important research work under way in the 
Laboratory of Soil Mechanics. The United States De- 
partment of Public Roads has had a representative, 
Arthur Casagrande, stationed here for several years and 
acting in codperation with our own staff. This year, the 
Soil Committee of the American Society of Civil Engi- 
neers appointed S. J. Buchanan, a graduate student at 
Massachusetts Institute of Technology last year, to act 
as its representative at the laboratory, and he is now, 
under the direction of Dr. Gilboy, conducting tests and 
classifying information available in the laboratory rec- 
ords. Amongst various specific projects conducted in 
the laboratory during the year may be mentioned an 
investigation made for the Corson Construction Corpo- 
ration of New York City, which is constructing a section 
of the Houston-Essex Subway in New York City, the 
object of this investigation being to establish a basis for 
estimating the settlement to be expected in the com- 
pleted structure; the development of a new method for 
the rapid determination of the permeability of soils 
which bids fair to be of great value for use in the field in 
connection with dam construction; and the design and 
construction of a new type of testing machine for meas- 
uring the shearing resistance of clay soils which is be- 
lieved to be a decided improvement over the other types 
of such devices used at the Institute and in European 


laboratories. C. M. Sporrorp. 
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The Crystallization of Rubber, and also its dis- 
tillation without decomposition, have been made pos- 
sible by two recently developed processes. 

The process of crystallization is carried out by dis- 
solving highly purified rubber in ether, and cooling the 
dilute solution to about 80 degrees below zero Centi- 
grade. Under these conditions, small crystals of rubber 
separate from the solution. These crystals, when exam- 
ined under a microscope, appear as transparent plates. 

The distillation of rubber is carried out by placing it 
in a high vacuum and then heating it to the temperature 
of boiling water. However, because of the slowness of 
the distillation, the use of the process is practicable only 
for obtaining small amounts of distilled rubber. 

These two processes have opened the possibility of 
separating rubber into its constituent hydrocarbons. 
The isolation of these compounds will not only bring 
their synthesis one step nearer to possibility, but there 
will remain the possibility that the compounds isolated 
from rubber may have valuable properties of their own. 
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It took something more 
than book learning 
to liek this cyclone 


A cyclone twists its destructive way through the West... telephone lines go down... 
communication must be restored ... page Western Electric! (, There’s a real “kick” in 
meeting and beating such emergencies. It calls for scientific manage- 


ment, of course, the sort of knowledge you can get from books and 





Starting supplies on 
their way to the stricken _ 
area is but a mater training. But over and above that comes the sudden demand for 


of minutes 


resourcefulness, man-sized ability, sheer grit. @,To supply the telephone companies of 


the Bell System with everything needed to give service, Western 
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3 <a 
Like secondary defense 
Western Electric backs 


A vast undertaking—yet only one of this company’s varied functions. — yp the nation’s line of 
communication 


Western EJecfric 


Manufacturers... Purchasers... Distributors 


Electric carries on a dependable, nation-wide system of distribution. 





THE BELL SYSTEM 
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The Modern Locomotive 


(Continued from page 221) 


attention to the design of all parts of the driving 
mechanism becomes self-evident. 

The slide valve and Stephenson link motion, which, 
not so many years ago, were almost universally em- 
ployed in locomotive work, have been replaced by 
the inside admission piston valve, operated by the 
Walschaerts or some other form of valve gear placed 
outside the wheels. This locates the motion work where 
it is easily accessible for lubrication and inspection, and 
where it does not interfere with the frame bracing. As 
usually applied, the Walschaerts gear gives a constant 
lead; but it can be designed to give a variable lead, and 
is so used, in some instances, on locomotives intended 
for service on steep grades. 

While an article of this scope cannot discuss the 
entire locomotive in detail, brief reference must be made 
to the more important auxiliaries used on present-day 
motive power. These include a complete air-compressing 
plant, compressed air being used for such purposes as 
operating the brakes, reversing the locomotive, ringing 


the bell, and blowing sand on the rails. The mechanical 
stoker has previously been mentioned. On some large 
Jocomotives the grates are shaken by power, and on the 
largest locomotives thus far built the throttle valve is 
power operated. Another interesting device, which has 
been applied to many large locomotives built during the 
past few years, is a booster, consisting of a steam engine 
mounted on the rear engine truck, or on one of the tender 
trucks, for the purpose of increasing the tractive force 
at slow speeds. This device is particularly useful in 
starting heavy trains. 

Brief reference should also be made to the modern 
locomotive tender, which shows a great increase in size 
as compared to the tenders formerly used. The large 
tender eliminates stops for fuel and water, thereby sav- 
ing time and lessening the liability of break-in-twos 
when stopping and starting heavy freight trains. The 
largest tenders thus far built carry approximately 
22,000 gallons of water and 30 to 32 tons of coal; and 
the limit has probably not yet been reached. 
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Accurate Photography of Plane Maneuvers 


camera has been developed in Germany for use in 

determining the performance of airplanes in flight. 
Previously, all such information had to be obtained by 
the pilot, or an observer with him, from instruments on 
the plane. The results obtained depended on the adjust- 
ments of instruments, and on the personal factor of the 
observer. Moreover, there has been no means of check- 
ing any errors that might occur. Thus it was almost 
impossible to get correct and exact data on such matters 
as a plane’s speed, climbing and turning ability, behav- 
ior in different air currents, etc. Attempts have been 
made to follow the line of flight by means of theodolites. 
But not only is it difficult to keep a rapidly moving 
object exactly on the cross hairs, but readings cannot 
be made at a greater rate than one a second. Since even 
in one second, a plane’s path may diverge considerably 
from a normal course, it is apparent that this method 


A COMBINATION theodolite and motion picture 
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does not give points sufficiently close together for prac- 
tical use. 

The new apparatus consists of a mirror telescope of 
long focus which projects the image of the plane on a 
motion picture film. The shutter speed of the camera is 
such that pictures are made at a rate of about five per 
second. At the same instant as each view of the plane 
is made, the readings of the azimuth and declination 
circles of the theodolite are photographed onto the film. 
For checking observations an image of a clock dial show- 
ing the exact time is also reproduced on the film. The 
observer keeps the instrument focussed on the plane by 
means of a small pilot telescope. 

In order to determine the path in space, two or more 
instruments must be used at a distance from each other. 
These are synchronized electrically from a central con- 
trol station. Small errors in synchronization are com 
pensated for by aid of a special codrdinating mac hine 





In these three successive photograph staken by a combination theodolite and movie camera, the plane, cross hairs, theodolite: 
reading, and time dial are easily visible. 





eres eeeeeeesennesenmneenmmemmemensnens 


ee 


a 


eS, 


November, 1930 


Buildin ¢ Stadium 


ted 











THE TECH ENGINEERING NEWS 235 


KOEHRING 


Pavers, Mixers; Power Shovels, Pull 


T. L. SMITH 


r Shovels, Cranes, Draglines; 
Dumptors. 
; INSLEY 
Excavators; Concrete Placing 
Equipment; Cars, Buckets, 
Derricks. 










Proud La 


At Los Angeles, the coliseum in 
Exposition Park is being enlarged 
to a seating capacity of 105,000. 
When completed in 1931 for the 
Olympic Games, this giant sta- 
dium will be one of the largest in 
the world. 


Three N. E. C. products were se- 
lected in providing efficient plants 
for handling excavation and con- 
crete requirements. A Koehring 
Heavy Duty Shovel speeded prog- 
ress on the earth work. Two 
Smith 14-S Tilting Mixers were 
installed for mixing concrete, 
one on each side of the stadium. 


National Equipment Corpora- 
tion, the greater name in con- 
struction equipment, aids manin 
‘carrying out his engineering 
achievements. 
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BRR. 


Tilting and Non-tilting Mixers, 
Pavers, Weigh-Mix. 
PARSONS 


Trench Excavators, Backfillers. 


C.H. & E. 
Portable Saw Rigs, Pumps, 
Hoists, Material Elevators. 

KWIK-MIX 


Mixers — Concrete, Plaster 
and Mortar. 






































“Concrete — Its Man- 
ufacture and Use,” a 
complete treatise and 
handbook on _ present 
methods of preparing 
and handling portland 
cement concrete, will be 
gladly sent on request 
to engincering students, 
faculty members and 
others interested. 
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The Age of Alloy Steels 


(Continued from page 217) 


priced automobile had it not been for the introduction 
of high-speed steel at about the time the motor industry 
itself began. The manufacture of the modern car would 
have cost at least five times as much as it now does were 
we dependent upon the tool steel existing prior to this 
century. It not only machines materials at much higher 
speeds than formerly was possible, but it machines 
material of great hardness which, except for this dis- 
covery, could never have been machined at all. The 
economic importance of high-speed steel could hardly 
be calculated. 

Alloy steels, for structural purposes, made in the 
last century, were used for the most part as forged or 
rolled, or after a simple annealing. Engineers thought 
them undependable, but this was because scientific heat 
treatment and the necessary equipment for carrying out 
processes of hardening and tempering had to be devel- 
oped in order to make the best use of the new engineer- 
ing materials. The automobile industry created a 
demand for alloy steel of surpassing strength and tough- 
ness and resulted in the development of many new types 
of alloy-steels which are now more or less standard, such 
as nickel-steel, chromium-nickel, chromium-vanadium, 
chromium-molybdenum, nickel-molybdenum and sili- 
con-manganese. Several of these types are products of 
the present century and the result of our own researches, 
but some of them were known and used for military pur- 
poses in the manufacture of guns, projectiles and armor 
plates in the previous century. New alloy steels do not 
just happen but result from intensive study and investi- 
gation. The mixing and blending of the various ele- 
ments in steel is not a haphazard performance; in fact, 
each element must be studied separately and in its 
relation to other elements. 

The modern manufacture of steel requires the use 
of many: kinds of very sensitive physical apparatus: 
pyrometers, microscopes, magnetic and electrical test- 
ing devices and many other implements of the physical 
laboratories, not overlooking the application of the 
X-ray for the study of the molecular constitution, and 
also as an inspection method for internal flaws that can- 
not be detected by superficial examination. The micro- 
scope is used in the medical profession in two ways. In 
histology, which deals with the normal structure of 
tissues and in pathology which has to do with abnormal 
or diseased condition of tissues. Steel also has its 
normal structures and abnormal structures. The former 
result from good melting and fabricating practice, and 
the latter from bad melting and fabricating practice and 
from improper treatment of the metal after it is furn- 
ished by the mills. In other words, the best melted 
steel can be ruined later by improper handling and a 
microscopic study frequently tells us just where the 
abuse occurred and how. In the use of the microscope, 
magnifications as high as 3,500 diameters are not infre- 
quent and to illustrate what this means I might say 
that if the head of a pin were magnified to 3,500 diam- 
eters, it would represent a circle nearly 25 feet in 
diameter. 

Another reason for naming the year 1900 as the 
beginning of the alloy-steel age is because at about that 
time came the introduction of electric melting furnaces. 
These have had a great influence upon the production 
of alloy steels for two reasons. First, they afforded a 
more effective method of making high quality alloy 
steels than could be produced by the older melting 
methods, and second, because they produced purer 
metals than had been available to steelmakers in the 





last century for use in making alloy steels. For example. 
not until the electric furnace became available was it 
possible to secure commercially either manganese or 
chromium very low in carbon content. Consequently, 
it was impossible to produce a manganese or chromium 
alloy steel in which the carbon content was low. The 
electric furnace was a prominent factor in producing 
just the kind of alloy steels that the motor industry re- 
quired in its earlier days. The first electric steel-melting 
furnace in the United States was introduced in 1905 at 
the Halcomb Steel Company plant at Syracuse, but 
there are now many hundreds of them in use with melt- 
ing capacities from a few hundred pounds up to one 
hundred tons in a single charge. The great public utility 
companies have made possible electricity at prices 
which permit of its use not only in melting furnaces but 
also in annealing, hardening and other types of furnaces. 
Such use was not economical until quite recent years 
and the older steel industry, for the most part, had to 
rely upon raw coal, coke, or producer gas furnaces, all 
of which leave much to be desired in the way of uni- 
formity of heating and temperature control. 

The outstanding event in alloy steel progress is the 
development of corrosion resistant alloys. The first 
introduction the public had to these products was in 
the form of stainless table cutlery. The discoverer of 
stainless steel, as used in tableware, did not have in 
mind any such domestic use for the material when he 
began his experiments. He was, as a matter of fact, 
trying to develop a lining material for big guns which 
would withstand the corrosive and erosive action of 
highly corrosive and superheated gases liberated when 
the gun was fired, and thus was the sword beaten into 
plowshares and the spear into pruning hooks. 

The problem of corrosion has been so long with us 
that we have been disposed to accept it as a necessary 
evil but happily that day is past. An eminent metal- 
lurgical authority of Great Britain, Sir Robert Hadfield, 
has placed the world’s bill for corrosion at the stupen- 
dous figure of two and one-half billion dollars per 
annum. This includes not only materials directly fail- 
ing from corrosion and rusting, but also the cost of 
replacements, the cost of shutdowns of machinery and 
equipment, and the expense for protective coverings, 
such as paints, enamels, galvanizing, etc., and waste of 
fuels and ores required in the manufacture of steel which 
needlessly wastes away. 

Based upon research that has been going on in every 
steel-making country, notably in Germany, England 
and the United States for a period of fifteen or twenty 
years, there has been developed a variety of alloy 
products which are not only perfectly resistant to ordi- 
nary atmospheric wear and tear but which will with- 
stand the action of many of the strongest acids and 
chemicals. We have been making such materials and 
investigations in our own plants and laboratories for 
many years and our metallurgists, I am proud to say, 
were well in advance of the purchasing demand for such 
materials for industries that should have been using 
them many years ago. Manufacturing industries, 
which include the making of chemicals, paints, petro- 
leum products, food and dairy products, soaps, etc., 
have discovered that there is now a way of solving each 
particular corrosion problem of the industry. No single 
alloy steel can accomplish this. Special alloys are pro- 
duced to meet individual needs and to resist the differ- 
ent corrosive agents. Not only many problems of liquid 

(Continued on page 238) 
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The world’s first anti-friction bearing 
locomotive—completely Timken-equipped 
—in leading truck wheels, driving 
wheels, trailer wheels, tender wheels, 
booster, speed driver of valve pilot and 
train control governor. 
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MODERN TRANSPORTATION 
ROLLS ON TIMKENS 


Swiftly ... smoothly ...silently...the modern train gathers speed or 
slows to a stop without a jar or jerk. Looking for the reason, student 
engineers find Timken—the same bearing that has licked the toughest 
jobs throughout all Industry—the most powerful weapon available to 
them in their future war against mechanical waste and inefficiency. 


In railroad cars Timkens have justified their use and proved their 
supremacy in one hundred million car miles of travel on one rail- 
road alone. 
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And why not? For thirty years and more, Timken Bearings have 
reigned supreme over friction; have carried not one type of load, but 
all loads—radial and thrust—measured in pounds or thousands of tons. 


In the air and on the water, by road and rail, Timken tapered construc- 
tion and Timken-made steel roll on to new triumphs—saving power 
and lubricant... promoting dependability ...assuring extreme econ- 
omy of maintenance with supreme defiance of depreciation. 


In train service they afford the luxury of smooth, silent travel, with 
starting resistance reduced 88%. 


One hundred and thirty-four railroads are now using or testing 
Timken Bearings, so it does not seem a far cry to the time when 
all transportation—passenger cars, freight cars, mine cars, motor 
trucks, buses and motor cars will be traveling totally Timken Bearing 
Equipped. They will not be modern unless they are. The Timken 
Roller Bearing Company, Canton, Ohio. 


IN ne BEARINGS 
é Roller 











238 THE TECH ENGINEERING NEWS 





Sharpening— | 


An expense which good cutters 
do much to reduce 


DEPARTMENT devoted to sharpening 
A cutters is a necessary part of every pro- 
duction plant. The use of good cutters, 
however, will keep the expenses of maintain- 
ing such a department — labor, wheels, 
equipment — at the lowest level. 

Sharpening costs eat heavily into profits. 
And, in addition, sharpening wears away the 
cutters and shortens their life — and so in- 
creases their cost. Brown & Sharpe Cutters 
effect large savings in sharpening depart- 
ments. Ask for your copy of Small Tool 
Catalog No. 31 listing a complete line of 
cutters. Brown & Sharpe Mfg. Co., Provi- 


dence, R. I. 
[BS 


Brown & Sharpe 


Cutters 


Lower Production Costs 
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The Age of Alloy Steels 


(Continued from page 236) 


corrosion have been solved, but also problems arising 
in processes where excessively high temperatures and 
pressures are met with. Alloys have been produced 
which withstand the attack of the gases, liquids and 
solids of the process itself, and also the oxidation or 
scaling resulting from the application of fuels in heating 
operations; materials which not only resist scaling but 
also possess very high strength at elevated tempera- 
tures. There have been some failures and some mis- 
applications while these problems were being solved, 
but the progress which has been made is little short of 
phenomenal. The solution has been found through 
intensive research and through making of thousands of 
painstaking tests in our laboratories. 

Alloys satisfactory for severe chemical and high 
temperature corrosion resistance are, of course, avail- 
able for architectural and decorative uses and are sure 
to meet with public approval. The use of a solid alloy, 
corrosion resistant throughout, is to be preferred to 
the use of inferior material covered with a protective 
coating which may peel or wear away. The bright metal 
parts of automobiles and buildings, bank vaults, and 
for hotel, cafeteria and hospital use are now being made 
of these alloys because they require the minimum care 
in use and justify their relatively high cost by their 
attractive appearance and saving of expense in cleaning 
and repeated polishing to remove unsightly tarnish. 
They are non-tarnishable and give no unpleasant taste 
to milk or food products. They are extensively used 
even for dental bridges and plates, because of their 
freedom from taste, tarnish and corrosion, attractive 
color and lighter weight as compared with either gold 
or platinum. While their greatest economic importance 
is in the field of chemical manufacture, oil cracking 
stills, and similar uses, there are simply innumerable 
domestic uses for them — washing machines, refrig- 
erators, cooking utensils, ash trays, watch and cigarette 
cases, the family car of today and the family plane of 
tomorrow. 

It goes without saying that discoveries of such vital 
economic importance result in imitations, substitutes, 
and “‘just as goods.”” Every article that is stamped 
“Stainless” or “Rustless”’ is not necessarily stainless 
or rustless. The 12 to 14 per cent chromium alloys to 
which the inventor, Mr. Harry Brearley of Sheffield, 
England first applied the name “‘Stainless” are covered 
by United States patents. These patents are owned by 
the American Stainless Steel Company of Pittsburgh 
and the products covered by these patents are manu- 
factured by some eight or ten reputable steel mills under 
licenses granted by the American Stainless Steel Com- 
pany. The products ordinarily known as Stainless Iron 
or Steel respond to heat treatment; 7.e., hardening and 
tempering, in much the same way as ordinary alloy and 
tool steels. 

There is a second group of corrosion resistant 
products now receiving great attention which differs 
from the true Stainless Steel as regards physical proper- 
ties. These steels are also patented in the United States 
and elsewhere and in this country are produced by the 
licensees of the Krupp-Nirosta Company. They em- 
body the combined researches and experience of the 
celebrated Krupp Works of Essen, Germany and of the 
Crucible Steel Company of America and the Ludlum 
Steel Company and a group of licensees. 

Everyone has some definite ideas in regard to steel. 
It is generally thought of as a heavy, hard and strong 

(Continued on page 239) 
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material which is attracted by a magnet. It can be 
hardened by heating to a red heat and plunging into 
water. It is apt to crack if the hardening temperature 
is too high and, last but not least, it rusts. The public 
is not as yet fully informed that the type of steels made 
under the Krupp-Nirosta patents are not attracted by 
the magnet, are not hardened but softened by heating 
to elevated temperatures followed by quenching and it 
is almost impossible to crack them at any quenching 
temperature and they do not rust. To replace the funda- 
mental assumption that “steel rusts” with another 
assumption that “‘some steel does not rust”’ has been 
no easy undertaking. As of making many books there 
is no end, so of making alloy steels there is no end, but, 
as in the case of books, it is better to leave many of 
them alone and many of them soon pass into the dis- 
card. The same applies to alloy steels and the very 
great activity in the past thirty years in developing 
these products has resulted in the production of varieties 
and kinds which will sooner or later pass out because 
experience will prove that a relatively small number 
possess practically all combinations of properties needed 
by industry. 

In appraising the services of science to industry in 
this century, the metallurgist is entitled to a prominent 
place. His high-speed steel has revolutionized machine 
shop operations, and lowered the cost of all metal 
products while increasing the earnings of the machine 
operator. 

Structural alloys have increased the speed and 
safety of travel by either land, water or air. The metal- 
lurgist has made possible the modern automobile and 
aeroplane. The corrosion resistant alloys have made 
us independent of imported nitrates. They have low- 
ered the cost of your gasoline by increasing the safety 
and efficiency of oil cracking stills. Your foods are 
handled in a more sanitary way when progressive 
packers, canners, and dairymen adopt corrosion resis- 
tant alloys for their equipment. 

In saying all this, we have but touched upon a small 
part of one field in which the metallurgist has rendered 
a great service to mankind. 


+9 Sitp-emmm<cii> e+ 


New Uses for Ammonia have become economical 
as a result of the low prices at which it is now being 
produced synthetically. One of these new uses of 
ammonia is as a source of hydrogen for certain purposes 
such as welding. Another use is for the preparation of 
nitrogen. 

The reason why it is economically feasible to use 
ammonia in this manner is that for many uses, such as 
welding, the greatest cost to the user of hydrogen is the 
cylinders. Now one cylinder of ammonia contains the 
equivalent of seventeen cylinders of hydrogen, and the 
user of hydrogen is able to save about one-half by buy- 
ing his hydrogen combined as ammonia and then 
“cracking” the ammonia. The apparatus for “‘crack- 
ing” is quite inexpensive, making use of an electrically- 
heated catalyst. 

The use of nitrogen obtained by cracking ammonia 
and then burning the resulting mixture of hydrogen and 
nitrogen in the air is still more economical for the con- 
sumer, for by this process, the equivalent of thirty-six 
cylinders of nitrogen can be prepared from one cylinder 
of ammonia, and at one-ninth the cost. 
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Left Fig. 162 Jenkins Extra Heavy Iron Body Globe Valve, flanged. 


Winners 


Hard knocks are part of hockey. The player who 
“stars” must be able to stand the gaff. Similarly 
with a valve. 


It is the ability of Jenkins Valves to take the hard 
knocks and strains of service. . . of rough handling, 
of pipe weight, settling, lifting, expansion and 
contraction. These set Jenkins apart as winners. 


Into the making of every Jenkins goes a craftsman- 
ship that can come only from many years of 
experience in valve manufacture ... an experience 
dating back to 1864. From the first perfect con- 
trol of raw metals to the final assembly, excellence 
is the keynote of Jenkins manufacture. 


Practically every valve job is a job for a Jenkins. 
Form 100 show a representative group of Jenkins 
in iron and bronze. Glad to send a copy. 


Send for a booklet descriptive of 

Jenkins Valves for any type of 

building in which you may be 
interested. 


JENKINS BROS. 


80 White Street . . . New York, N.Y. 
524 Atlantic Avenue . . . Boston, Mass. 
133 No. Seventh Street . Philadelphia, Pa. 
646 Washington Boulevard Chicago, Ill. 


1121 San Jacinto + a6 «a, Bee: 
JENKINS BROS., Limited 
Montreal, Canada London, England 


Jenkins 
VALVES 
Since 1864 
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Prior to the development of the axle generator, a 
little more than twenty-five years ago, steam generating 
units were installed in some baggage cars for the purpose 
of supplying electric energy for the operation of the 
lights and fans in the several cars in the train. Steam 
was supplied through a hose connection from the loco- 
motive. Later on a few gasoline engine-driven generator 
sets, installed in baggage cars, were used for this pur- 
pose. Still later steam turbine driven units of about 
twenty kilowatts capacity and operating at 60 to 100 
volts direct current were used with considerable suc- 
cess, although under certain conditions this system of 
power supply imposed restrictions upon the use of the 
equipment. This form of lighting, however, has been 
and still is operating very satisfactorily on a great many 
suburban trains, both in the East and the West, where 
the cars are regularly assigned to the service and for- 
eign cars not properly equipped do not enter the 
make-up of the train. 


Axle Generator System 


There are approximately 30,000 electrically lighted 
cars on Class 1 railroads in the United States of which 
about 94 per cent are equipped with the axle generator 
system of electric lighting, about 3 per cent for straight 
storage system, and 3 per cent the direct current head- 
end system. The axle generator system involves the 
use of a body or truck mounted generator driven by 
pulley and belt or positive drive from the car axle, the 
necessary automatic regulators, switches, etc., and a 
battery on each car. Direct current at 32 volts is sup- 
plied, but there are a few cars operating at 64 volts. 
Each car may be equipped with an overhead train line 
so that it may be electrically connected to an adjoining 
car where the same system of lighting is used. Recep- 
tacles are provided for battery charging from an ex- 
ternal source. Quite a few business cars equipped with 
the axle generator system are also equipped with trans- 
formers and a receptacle whereby alternating current 
from an outside source may be furnished where the car 
is parked for a considerable period of time. With this 
system the car is the unit and if properly maintained 
the lighting equipment is available for service at all 
times on home and foreign lines and the car may be 
placed in any position in the train. 

Axle generators are in general use up to a maximum 
of 4 kilowatts capacity, although a few 5 kilowatt 
machines have been supplied and very recently some 
of 7.5 kilowatts capacity. Under adverse weather con- 
ditions, such as snow and ice, the available capacity is 
greatly reduced because of excessive belt slippage. 
Other forms of drive to overcome this difficulty have 
been tried out but until recently without commercial 


success. Certain forms of positive drives have recently 
been applied to a limited extent, and the Baltimore and 
Ohio installed in April 1930 a gear type of drive for a 
special high capacity (10 kilowatt) generator which is 
now in service supplying electric energy for operating 
air conditioning equipment installed on dining car 
Martha Washington, a complete description of which 
is given later on in this paper. 


Central Energy System 

All power supply systems of the axle generator type, 
however, are of an intermittent character, the output 
of the generator being available only when the car speed 
is above 16 to 25 miles per hour. As a consequence, to 
provide for a continuous power supply sufficient battery 
capacity must be provided on each car to take care of 
the lighting and power requirements when the car is 
standing at stations or operating at a speed below the 
critical point. In order to provide for an adequate, 
dependable and continuous source of power supply 
while the train is in transit, thus overcoming the capa- 
city limitations of the present generally used axle 
generator devices, some form of central energy system 
modeled after that of the central stations appears to be 
desirable in order to take care of the increasing elec- 
trical requirements on passenger equipment cars. At 
the same time the system should be so designed that it 
will not preclude the successful operation, with minor 
changes, of existing electrically lighted cars of the axle 
generator, straight storage or head-end system with 
which they may now be equipped. In addition, the 
system should be such that when cars are parked at 
stations or in the yards they can receive a supply of 
electric energy from wayside connections. Such a 
system of power supply is being experimentally tried 
out and in addition experiments are being made with 
internal combustion engine-driven generating equip- 
ment applied to each car, sufficient capacity being pro- 
vided to take care of all lighting and power require- 
ments on the car. 


Classes of Air Conditioning 

Air conditioning for railway cars may be divided into 
three general classes, riz.: (1) the individual car as a 
unit, (2) the train of cars as a unit, and (3) cars parked 
for occupancy. This paper deals more particularly 
with the first class. Air conditioning has not yet been 
applied to the second class and only recently to the 
third class, where air is passed over ice and delivered 
by a motor-driven fan through a window into the car, 
thus lowering its temperature to a comfortable point 
during summer weather. 

(Continued on page 242) 
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Trade-Mark Registered U. S Patent Office 


Made of extra quality cotton yarn, carefully inspected, and guaranteed free from all imperfections of braid or finish. The colored spots 
are our trade-mark, used only with this quality. : 
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this hawe made 
staunch, loyal 
friends for... 


Registered U. S. Patent Office 


Read this letter from the 
Borough of Souderton, Penna. 


R. D. WOOD & CO. June 9th, 1930 
400 Chestnut Street, Philadelphia, Pa. 


GENTLEMEN: 


Members of Souderton Borough Council wish to 
acknowledge with thanks and appreciation the 
service you rendered in replacing a broken 
Mathews Fire Hydrant on Washington Avenue, 
Thursday, April 17th, 1930. 


This Hydrant was set in a new cement sidewalk 
on one of our finest concrete streets, and was 
struck by an automobile. 


We thought we would have to break up the new 
sidewalk and concrete roadway to dig up the 
broken Hydrant. You can readily understand our 
great relief when we learned that by the use of 
your new Mathews Extraction Tool the broken 
barrel could be replaced without excavating. 

We were agreeably surprised at the efficiency of 
this Extraction Tool. It enabled us to replace the 
broken barrel in less than an hour. This time 
included the repairing of the protection case, 
which was also broken at the upper end. 

When the job was finished there was noindication 
that the Hydrant had been broken, because the 
sidewalk and the concrete street had not been 
disturbed or damaged. 

In addition to preserving the appearance of the 
new sidewalk and street, we saved a considerable 
sum of money. 

We cannot express too strongly our entire satis- 
faction with Mathews Hydrants and the new 
Extraction Tool which made all this possible. 


Yours truly, 


RGA:HVG RoLianpD G. ALBRIGHT, Clerk 
Patents Pending 
. POINTS OF SUPERIORITY 
Cannot leak when broken by traffic accidents. Broken Mathews Hydrants are easily replaced Easy, quick replacement of worn valveleathers. 
Cannot freeze because no water can work up without digging or breaking pavement. Completely revolving head, easily removable. 
oe en ere all Beye Water hammer is prevented. Mathews Modernized Hydrants are inter- 
= s s Stems cannot be bent in operation. changeable with old installations. 


automatically after use. 
WRITE FOR INTERESTING DESCRIPTIVE CATALOG 


CAST IRON PIPE 
GATE VALVES R. D. WOOD & CO. SAND SPUN 
VALVE BOXES In business continuously since 1803 (centrifugally cast 


and PIT CAST 
FLOOR STANDS 400 Chesimut Street t=3 Philadelphia Reg. U: S. Pat. Off. 
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Leaders 


in Every Industry 


AILEY PRODUCTS, already so 
firmly established in the Central 


Station Field that 


they are standard 


equipment in more than 95% of the up- 
to-date plants, are now being used more 
and more by the leaders in every line 
of industry—where they are reducing 
the losses, improving combustion con- 
ditions and providing accurate, reliable 
and trustworthy data for accounting 


systems. 


BAILEY PRODUCTS 


Automatic Control 
Boiler Meters 

Coal Meters 

Draft Recorders 
Drainage Controls 
Feed Water Regulators 
Fluid Meters 

Gas Flow Meters 
Gravity Recorders 


Liquid Level Gages 
Manometers 
Multi-Pointer Gages 
Pressure Recorders 
Pump Controls (Group) 
Pump Governors 
Selsyn Operated Gages 
Tachometers 
Temperature Recorders 


V-Notch Weir Meters 


Bailey Meter Co. 


Cleveland, Ohio 
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Air Conditioning 
(Continued from page 240) 


First Railway Passenger Car Equipped for 
Complete Air Conditioning 

Baltimore and Ohio coach No. 5275 was the first 
railway passenger car in the world to be equipped for 
complete air conditioning, 7.e., freeing the air from all 
dust, soot, cinders and other foreign matter and con- 
trolling its temperature and humidity. The equipment 
was applied about July 1, 1929 to a modern steel pas- 
senger car weighing about 74 tons. The experimental 
air conditioning equipment added about seven tons. 
Tests were made during the summer of 1929 when 
temperatures as high as 100° F. prevailed and no diffi- 
culty was experienced in obtaining very comfortable 
conditions 15 to 23 degrees below the outside tempera- 
ture under these conditions. 

The experimental air conditioning equipment ap- 
plied to this car was that which was commercially 
available and was not designed for railway purposes 
except the evaporators which were specially designed 
for these experiments. Two water spray units were 
placed in the car, one in each diagonal corner, a seat in 
each corner being temporarily removed for accommo- 
dation of the unit. A motor-driven compressor using 
belt drive was installed in one of the saloons and two 
ammonia condensing tanks were located overhead in 
one of the other saloons. Two evaporators and two 
water circulating pumps were located beneath the car 
floor. Five motors were used for operating the air 
conditioning equipment, all of the single phase, 60-cycle, 
220-volt alternating current type. The 714-ton ammo- 
nia compressor required a 714-horsepower motor. The 
two centrifugal pumps beneath the car floor each were 
driven by a 34-horsepower motor and the two water 
spray units each by a one horsepower motor. Each of 
these units handle 27 gallons of water per minute 
against about 40 pounds gauge pressure and deliver 
approximately 2,500 cubic feet of air per minute against 
a pressure of about .6 inch WG. 

The car windows were double sashed and the venti- 
lators closed. Fresh air from the outside, or recirculated 
air from the inside, was passed through the chilled 
water spray where all the dust and other foreign matter 
was removed. Air at the desired temperature and 
humidity was then distributed without drafts in the 
car through insulated air ducts attached to the half 
deck of the car. The spray water was recooled in the 
evaporators beneath the car floor and was thus made 
available for re-use. As the ammonia gas was com- 
pressed its temperature was raised and water was 
circulated through the pipes in the condenser tanks to 
reduce the ammonia temperature changing it to liquid 
form. The ammonia at high pressure was then passed 
through an expansion valve and thence through the 
evaporators at low pressure during which process the 
spray water was chilled. The condenser cooling water 
was passed through the other air conditioning unit 
where outside air was drawn through the warm water 
spray and thus the condenser water was cooled back to 
approximately the temperature of the outside air and 
the water was available for re-use in the condenser. The 
water lost due to evaporation, amounting to a maximum 
of about 15 gallons per hour under the worst conditions, 
was automatically replaced from the water supply 
system on the car through a float controlled valve. An 
automatic electrically operated thermal control device 
was used to start and stop the motor-driven com- 
pressor in accordance with predetermined setting, 
depending upon the temperature desired within the 

(Continued on page 244) 
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Electrical Prospecting 


(Continued from page 219) Q\ A, 
The electromagnetic system can be used to trace SS } 


geologic structure, a problem frequently met in petro- a 
leum prospecting. In regions where petroleum is apt to 


be found, the geological column almost invariably in- 
cludes fine grained rocks saturated with saline waters. 
Such rocks are excellent conductors of electricity and, 
if a current is induced to flow in a stratum of such rock, 
it is possible, by electromagnetic observations on the 
surface, to determine its depth. Such observations 

made at intervals give its elevation at a corresponding SINCE 1576 
number of points from which a contour map on the bed Th 

can be constructed, thus showing the presence of fold- e 


ing or faulting. STAN DARD =) WHICH 


riilees he apuliaies of etceeeee ee QUALITY IS JUDGED 
ee ae eee in all forms of 

there are eonductve substances in the earth's ert Ee 
electrical reactions distinct from ore deposits, frequently VARNISHED CAMBRIC WIRE anoCABLE 
praetor ae pagan Mee pha ees = IMPREGNATED PAPER CABLE 


pecting is very important. AND TAPES 

Geophysical prospecting is a new tool for the geolo- 
gist and mining engineer. It can be used by only those Manufs actured by 
trained in the art and even in such hands is not infall- 


Z F ON, THE 
ible. But, as an aid to extending the scope of the results Sam Okonite Company *. 


of geological studies, to finding and tracing certain con- ‘io Okonite- Callender Cable Co. Bie 


cealed features of the earth’s crust, it is invaluable and 


its use is bound to increase. SOI FIFTH AVENUE, NEW YORK,- N_Y. 
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Lo-Hed Electric Hoists 






Wherever heavy weights must be lifted, there is 
a job for the “Lo-Hed” Monorail Hoist. You find 
it on the production lines of the largest factories 
(Ford has more than 200), in railroad shops, 
foundries, ice plants, printing plants... you find 
it, too, in smaller establishments, service stations, 
garages, lumber yards, laundries, bakeries, hotels 
and on the shipping platform. .. cutting costs, 
increasing production, saving human effort. 


AMERICAN ENGINEERING 


AMERICAN ENGINEERING COMPANY, 2441 ARAMINGO AVENUE, PHILADELPHIA 
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(Continued from page 242) 


car. Provision was also made to prevent possibility of 
freezing the water in the evaporator. After the series 
of standing and road tests covering a period of about 
two months were completed and the practicability of 
this method of air conditioning was proven, the test 
equipment was removed and the car restored to its 
original condition as the air conditioning equipment 
was not suitable for permanent use. 


Theoretical Calculations 


About two years previous to the equipping of 
coach 5275 for experimental air conditioning purposes, 
theoretical calculations were made to determine the 
probable refrigerating requirements for a day coach and 
the power required for the several motors. It was 
assumed that the maximum outside temperature would 
be 95° F. and the relative humidity 75 per cent and 
that it was desired to provide a temperature of 80° F. 
with a relative humidity of 50 per cent, the air to be 
recirculated and a certain amount of outside air taken 
in for ventilation. The calculations were made for peak 
load conditions, assuming a train speed of 30 miles per 
hour on a summer day, between 2.00 and 4.00 p.m., 
when the sun is visible, and the car is filled with people. 
In making these calculations 30 cubic feet of fresh 
air per minute or 1,800 cubic feet per hour was allowed 
for each person. It was recognized, however, that this 
amount of fresh air would not be required on a railway 
car to prevent vitiation. Consideration was also given 
to the reduction in the refrigerating requirements if the 
roof of the car was painted with aluminum paint and 
the outside of the window curtains was painted white. 
These calculations under the above assumptions indi- 
cated that a refrigerator of about 13 tons ice melting 
capacity would be required. However, after more 
careful study of the detail construction of the car and 
particularly the insulation of same, also the decision 
to apply storm sash to the windows, thus providing 
double sash, and the further fact that the maximum 
capacity of compressor which could be accommodated 
in the space available was 71% tons, it was decided to 


NGINEERS and contractors 
know that BUFF perform- 
ance is accurate and sure — 

without having to adjust the tran- 
sit once. 


We will, on request, mail a 4-inch 
high Bas-relief of Nickel-silver — 
being an exact lileness of the ‘En- 
gineer’s Best Friend” —“the Buff 
Transit.” 


Write for the BUFF Catalog 
No. 20M to 


Henry A. Burr, M. I. T. 05 


Buff & Buff Manufacturing Co. 


Jamaica Plain, Mass. 





carry out the experiments with this size of compressor 
unit, but relatively large evaporator and cold water 
storage capacity was provided. 


Developments in the Art 

The success attending these early experiments in- 
spired confidence in the new system of air conditioning 
for railway cars, but there were two obstacles still to be 
overcome in the commercial attainment of the desired 
result, viz., the development of a suitable power supply, 
and compressing unit of proper capacity and design for 
application beneath the floor of the car. The applica- 
tion of a gear drive and 10-kilowatt, 110-volt direct 
current generator, the first of this size ever applied to 
a railway car, solved the power supply problem. The 
development of a special 714-ton motor-driven ammo- 
nia compressor of dimensions and weight suitable for 
mounting beneath the car floor solved the second 
problem. The gear drive was constructed with a ratio 
of 2.43 to 1, 7.e., for each revolution of the car axle the 
armature of the generator made 2.43 revolutions. With 
36-inch car wheels the generator would give its full 
output of 10 kilowatts at 110 volts at about 31 miles 
per hour and a proportionate output with declining 
speed and voltage to about 85 volts or about 28 miles 
per hour. Other solutions of the power supply problem 
are possible and may shortly be available such as cen- 
tral energy system using alternating current generated 
on the locomotive or in the baggage car and transmitted 
at suitable voltage throughout the train where it would 
be available for serving all lighting and power require- 
ments, or some other solution of the power supply 
problem for use on individual cars may be developed in 
the future. 


Martha Washington 


Following the successful experiments on coach 5275 
the Baltimore and Ohio equipped one of its colonial 
dining cars, the Martha Washington (No. 1036), with 
air conditioning equipment especially designed for rail- 

(Continued on page 246) 
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DYNAMITE clears the way for modern engineering wonders! 


The 
HUDSON 
RIVER 
BRIDGE 





How DYNAMITE was 
used to blast tunnels 
for anchoring 
gigantic cables 


NM 198... 
stupendous labor. . . . the Hud- 


after five years of 


son River Bridge, connecting the 
states of New York and New Jersey, 
will be completed. 


It is a single-span bridge . . . 3500 
feet long. At either end, a gigantic 
tower, 650 feet high, rises to the sky. 


The construction of this mighty bridge is proof 
enough that, to the modern engineer, nothing is 


impossible! 


In this undertaking, as in countless others, dynamite 
played a huge part. Du Pont dynamite was used for 
blasting approaches to the Hudson River Bridge... 
and for blasting the anchorage tunnels for the cables. 
About 3,000,000 pounds of dynamite were required! 


The engineer of today ... and tomorrow .. . needs 


to know all there is to know about dynamite. . . the 





The Hudson River Bridge as it appears under construction. 


tool that helps to build skyscrapers, dams, subways, 


tunnels, roads and railroads. 


How can you know more... now... while you’re 
still in college? Write the du Pont Company for a copy 
of the ‘Blasters’ Handbook.” This booklet contains a 
wealth of information about explosives . . . information 
gathered in 128 years’ experience in making and im- 
proving explosives. It is compact... handy. It is 
used in the classrooms of leading technical institutions. 


Your free copy is waiting for you. 


QUPIND EXPLOSIVES 


REG. U.S. PAT. OFF. 


E. I. DU PONT DE NEMOURS & CO.. Ine. 


EXPLOSIVES DEPT. 


WILMINGTON, DEL. 
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Air Conditioning 
(Continued from page 244) 


way requirements, to accomplish the following pur- 
poses: 
1. Free the air in the dining compartment from 
dust, soot, cinders and other foreign matter. 
2. To control, within certain limits, the tempera- 


ture. 
3. To control, within certain limits, the humidity. 


The airc onditioning equipment on the Martha Wash- 
ington was given its road test in April and has been in 
constant use since then. This is the first completely 
air conditioned car ever operated in regular railway 
service. 


Studies of Train Speeds 


As the power supply for operating the motor-driven 
compressor and its auxiliaries is of an intermittent 
character, it being available only when the car is oper- 
ating above the “‘cut-in” speed of the generator, about 
28 miles per hour, it is apparent that the operation of 
the compressor and its auxiliaries is intermittent. Stud- 
ies have been made of our better classes of trains 
from which we find that the per cent of total schedule 
time that the car is operating below 35 miles per hour 
varies from 16.4 per cent to 22.5 per cent. With proper 
cold water storage capacity and independent operation 
of the cold water pump and air distribution fans, as 
above indicated, comfortable temperatures can be 
maintained in the car during the relatively short 
periods when the generator and compressor are inop- 
erative because of low car speed. 
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Locomotive Goes to Sea 


(Continued from page 224) 


In addition to special design features already men- 
toned, it will be seen from the table that the ships are 
relatively short and broad for their tonnage. They are 
all equipped with one or more derricks of up to 120 tons’ 
capacity so as to enable them to handle successfully the 
special, heavy-unit cargo for which they are built. 

It is worth noting that the ships with, for instance, 
locomotives and cars are not loaded down to their dead- 
weight capacity, the cubic requirements being the 
limiting criterion for such cargoes. The ships are there- 
fore of light draft and they can enter many ports which 
might be inaccessible to ordinary vessels. A further 
consequence of the light aggregate weight of the cargo 
is that the ships will sail with a high freeboard. This 
fact is an exceedingly important feature contributing 
materially to their ability to carry large deck cargoes 
without undue risk of injury in stormy weather. 

On most of the ships the 120-ton derricks are oper- 
ated by electric winches. These have proved very 
reliable and fully capable of handling the heaviest lifts 
with entire smoothness both during hoisting and lower- 
ing. The winches also work perfectly noiselessly, a 
feature that naturally inspires confidence and helps to 
ease the minds of those watching the heavy lifts being 
handled. 

When a locomotive or other heavy piece of cargo is 
lifted by a land crane the usual procedure is to use 
rather long slings in connection with appropriate trans- 
versal spreaders to prevent the slings from injuring the 
load. This is obviously all right where sufficient lifting 

(Continued on page 248) 
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* The stars in this 
chart give a general 
indication of the points in the turbo- 
electric plant where Worthington 
equipment can be installed to help 
insure reliable and economical 
operation. 


A representative Worthington installa« 
tion... two 42,000 sq. ft. surface con- 
densers with centrifugal circulating 
pumps and other auxiliaries, at the 
Avon, Ohio, station of the Cleveland 
Electric Illuminating Company. Recent 
tests showed that the vacuum main- 
tained in these condensers is among the 
highest on record. 
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wv here can I place 
Worthington Equipment? 


HAT is a question which many a power plant man asks himself when plan- 

ning replacements or expansion. The desire to install Worthington units 
wherever possible is usually the result of experience with Worthington in- 
stallations. Sometimes the faithful and efficient performance of one piece of 
Worthington equipment creates the urge to install other units designed by the 
the same engineers and built to the same high standards. 


Worthington’s reputation for building g000 
equipment, coupled with a progressive spirit = mnt D a 
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The Locomotive Goes to Sea 


(Continued from page 246) 


height is available as it is with cranes on land. On 
shipboard, however, the lifting height is necessarily 
limited, and a slinging arrangement as mentioned above, 
therefore, is not applicable. In order to eliminate this 
difficulty a lifting beam placed longitudinally above 
the locomotive or car is used. Each ship is supplied in 
general with two beams of special design — one heavy 
lifting beam of approximate length, 50 feet, capable 
of handling 120 tons on extreme centers; and one 
lighter beam approximately 30 feet long, for 40 or 50 
tons’ safe load. The latter is useful in connection with 
smaller cars, tenders, etc. 

The larger ships are provided with a set of remov- 
able beams in each hold so that two tiers of cargo may 
be taken below. On these ships provisions have also 
been made for the carrying of cargo in two tiers on deck. 
To carry a second tier of locomotives would in general 
be out of the question, but coaches can very readily be 
carried in this manner. To make this possible, super- 
structures of special design are erected. 

One of the most important operations before a ship 
puts to sea is the proper lashing of the cargo. It is essen- 
tial that every single unit be so secured that no move- 
ment at all is possible. If the slightest movement were 
allowed, the dynamic forces might soon reach such 
magnitudes that the lashings would snap, however sub- 
stantial, and the result of this happening would nat- 
urally be disastrous. Great weight, therefore, is put on 
the method of lashing. Each lashing consists of num- 
erous turns of flexible wire tightened by a turnbuckle 
wherever possible. Locomotives and cars when on deck 
are in general lashed to strong eye-brackets riveted 
to the deck and especially provided for this purpose, 
and when in the holds, to the framework of the ship. 
In some instances the deck cargo is also lashed to the 
bulwark stanchions and the hatch-coaming brackets. 
Often, especially where fore-and-aft stowage is used, 
additional lashings are placed between individual loco- 
motives or cars. Cars on top of the superstructure and 
on the hold beams are lashed to the beams themselves. 
In aJl cases where turnbuckles cannot be used advan- 
tageously to tighten Jashings this is done by means of 
suitable wedges, the essential thing being that in all 
instances the lashings must be absolutely tight so that 
no movement can be initiated. 

In order to reduce the time required for the loading 
operations to a minimum and to give the best possible 
service to the shipper, with particular reference to such 
factors as efficiency and safety, the loading of the ships 
is always carefully planned. Detail stowage plans are 
worked out in advance, the layouts adopted depending 


Write us for Tool Catalogue or catalogue of 


OFK/IN TOOLS 


Outstanding in their field by reason of unexcelled 
accuracy and valuable new features. The illustra- 
tion shows one notable improvement in Microm- 
eter markings—the Direct Indicating Micrometer 


TAPES and RULES 


on the amount and type of cargo. This is followed by 
the design of the necessary dunnage. The dunnage 
may be built exclusively of timber but may also involve 
steel constructions. Additional lifting gear which may 
be required to handle the various units of the cargo in 
question is also designed. All such gear, as well as the 
parts of the dunnage requiring shop work, is made and 
is, with the rest of the dunnage material, in readiness at 
the shipping point when the ship arrives. 

As seen, the planning of and preparation for the 
loading of a heavy-unit cargo involves a considerable 
amount of engineering, coupled, of course, with an 
understanding of ships and stowage. Furthermore, dur- 
ing the loading operations themselves a number of 
questions of a technical nature usually arise, the an- 
swers to which depend on engineering knowledge and 
judgment. It is the policy of the line, therefore, to have 
an engineer with marine experience in charge of all 
loadings of this type. The actual operations are 
executed by the ships’ own crews, with such an addition 
of longshoremen as is necessary, under the immediate 
direction of their captains and officers. Needless to say, 
the officers as well as the crews of these ships have now 
through experience acquired no small amount of skill 
in the manipulations involved and in the general pro- 
cedure of handling and caring for cargoes of this type. 

In this country transportations have been under- 
taken for leading locomotive and car manufacturers. 
The destinations have been Brazil, Argentina, Chile, 
Colombia, Salvador, South Africa, China and the Far 
East. Locomotives of various types, coaches, sleepers, 
and mail cars of various sizes and designs, trolley cars, 
new and secondhand, as well as numerous drums and 
reaction chambers, have been handled. 

The immediate reaction of the uninitiated seeing 
pictures like those above showing the large deck cargoes 
of heavy locomotives and cars is undoubtedly that this 
method of transportation must be hazardous, to say 
the least. The conclusion is likely to be drawn that 
even a moderate gale might cause one or more of the 
deck units to break loose. It is granted that this infer- 
ence is rather natural. However, to the person who has 
had occasion to see these ships being loaded, to appre- 
ciate their sturdy construction, and to observe the care 
with which the cargo is supported and secured, the 
situation presents itself in an entirely different aspect. 
He is at once convinced that the necessary strength 
is provided for in every respect, and that the chance of 
anything unforeseen happening is slim indeed. The 
complete safety of the method is after all best proved 

(Continued on page 250) 
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CPcienen PIPE JOINTS 
—as strong as the pipe 


Modern piping design demands joints that measure up 
to the strength of the pipe itself. The oxwelded joint 
meets this demand in a thoroughly practical and eco- 
nomical way. It is strong and permanently tight. It 
fully justifies the high efficiency expected of it and 
has definitely taken its place as the standard means of 
pipe fabrication. 

Progressive engineers demand the 100 per cent 


efficient oxwelded joint. 


THE LINDE AIR PRODUCTS COMPANY, THE PREST-O-LITE COMPANY, INC., 
OXWELD ACETYLENE COMPANY, UNION CARBIDE SALES COMPANY, 


Units of UNION CARBIDE AND CARBON CORPORATION 


General Offices. . 30 E. 42nd St.,N. WV. UCC Sales Offices...in the Principal Cities 


65 Linde plants . . . 48 Prest-O-Lite plants . . . 174 Oxygen Warehouse stocks . . 156 Acetylene 
Warehouse stocks . . . 42 Apparatus Warehouse stocks . . . 245 Union Carbide Warehouse stocks 
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Whatever the application there’s 
a Tycos Instrument for it. Each 
is the result of exact investigation 
into the service requirements 
surrounding each application.A 
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ed, embracing instruments for 
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tors of heat or temperature enter. 
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WE SERVE in this capacity (perhaps 
without the title), a great many 
industrial, contracting and engineering 
firms. We would like to serve others who 
appreciate that printing requires thought 
and planning in crder to be most effective. 
Call us in as Consulting Engineer on your 
next printing requirement. Our advice 
will cost you nothing, and the charge for 
printing will be no more than you 
expect to pay for good work. 


THE MURRAY PRINTING COMPANY 


KENDALL SQUARE, CAMBRIDGE 
MASSACHUSETTS 
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Locomotive Goes to Sea 
(Continued from page 248) 


by performance records. These ships with their big 
deck cargoes have weathered successfully the most 
severe hurricanes. Not once has there been even the 
slightest indication of any tendency for any part of the 
deck load to break away. 

Since this type of transportation was started in 1921, 
167 shipments covering over twelve hundred engines and 
over six hundred coaches and cars, in addition to barges, 
tug boats, reaction chambers, etc.. have been dealt with 
with complete success. During this period every piece 
of cargo has been delivered to the entire satisfaction of 
all parties concerned, and there has never been any 
need for insurance claims on the cargo underwriters 
for damages. Actual experience, therefore, has shown 
conclusively that shipping locomotives and _ rolling 
stock fully erected is not only feasible but safe as well. 
In a practical way the new method of overseas trans- 
portation of such cargoes has indeed demonstrated its 
superiority and effectiveness. 
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Lode Mining 
(Continued from page 227) 


that a small investment in machinery would make load- 
ing of fuel much faster than the hand methods now used 
does not disturb the boat captains. Time is non-essen- 
tial; getting from one place to another is the main 
object. Each boat carries in its hold several tons of 
concentrate and hand-sorted ore. Bags, previously 
treated with creosote to prevent rodents from eating 
holes in them, are used to carry the ore. Transporta- 
tion from the mine to the river landing is accomplished 
by the use of wagons or sleds which carry the ore sacks 
to the main road where a tractor, drawing massive 
sleds at the rate of one and one-half miles per hour, pro- 
ceeds to the river. Ore is hauled during the winter 
months, since fuel oil and supplies occupy the transpor- 
tation facilities during the summer. Mayo, a small but 
thriving town, marks the end of the run of the boats 
between it and Stewart City. When the ice has gone 
out, the ore which has been accumulating during the 
winter is transported to Stewart City, and transferred 
there to the Dawson-Whitehorse boats previously men- 
tioned. From Whitehorse, railway cars are used to 
complete the journey to Tacoma. Smelting operations 
then begin. 
Costs 

Transportation from Mayo to the smelter costs about 
$48 per ton, and the smelting rate is around $12 per 
ton. This would be prohibitive were it not for the un- 
usual richness of the ore mined in this district. The 
prospecting of the ore requires a considerable degree of 
knowledge, patience and skill in application. The diffi- 
culties to be overcome in finding a workable vein, in 
classifying and assaying the ore, are many. But the 
high returns possible from a successful strike attract 
many to the Yukon. The remote situation makes effi- 
cient handling almost impossible yet periodic shipments, 
made very slowly, find the smelters with concentrates 
rich enough to provide considerable profit. Whether or 
not the introduction of modern equipment is practicable 
is a question which can only be answered in future years. 
Meanwhile, the old routine continues, much as it did in 
the days of the rush to the Yukon in 1898. 
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WHERE THE CHIMNEYS LOOM 
LURKS TIME, THAT TOUGH OLD TESTER 


Where the chimneys of industry loom black against the sky, Time, 
That Tough Old Tester, draws his deadliest weapons. With acids 
and alkalies, with shattering vibration and ceaseless strain, he here 
attacks the works of man with greater eagerness, to prove how long 
things last. 


And here, amid the mightiest of Time's destructive forces, you will for Your Protection, 
find Reading 5-Point Pipe . . . resisting corrosive gases and fluids This Indented Spiral 
. . . absorbing shock and strain in its tough, fibrous structure .. . forever Marks 
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lasting from two to five times longer than ordinary pipe under Time's _Al 


severest tests! 


For Time .. . That Tough Old Tester .. . must stay his hand before 
Reading 5-Point Pipe, whether he finds it installed above ground 
Use only Reading 5Point OF below. The long generations have shown that Genuine Puddled 
Nipples with Reading5- | Wrought Iron, the material ofwhich this pipe is made, defies Time's 
Point Pipe... you'llknow = onslaughts as does no other. That is why Reading 5-Point Pipe 


them by the indented i i - . 
spiral band. means enduring economy, enduring satisfaction. 


READING IRON COMPANY, Reading, Pennsylvania 


GENUINE PUDDLED WROUGHT !RON | 


EADING 


DIAMETERS RANGING FROM ¥Y% TO 20 INCHES 





Science and Invention Have Never Found a Satisfactory Substitute for Genuine Puddled Wrought fron 
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THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 
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The MASSACHUSETTS INSTITUTE OF TECHNOLOGY offers Courses 
in Engineering and Science, each of four years’ duration, 
leading to the degree of Bachelor of Science in: 
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ARCHITECTURAL ENGINEERING GEOLOGY 
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Civit ENGINEERING Murninc ENGINEERING 

ELECTRICAL ENGINEERING Nava.t ARCHITECTURE AND MaAriINE ENGINEERING 
ELECTROCHEMICAL ENGINEERING Puysics 

ENGINEERING ADMINISTRATION SANITARY ENGINEERING 








GENERAL SCIENCE 






The Course in Architecture is of five years’ duration, and leads to the degree of Bachelor in Architecture. 
Five Year Codperative Courses in Electrical Engineering and Railroad Operation leading to the degrees 
of Bachelor of Science and Master of Science are also offered. 

Graduate Courses leading to the degrees of Master of Science, Master in Architecture, Doctor of Philos- 
ophy, Doctor of Science and Doctor of Public Health are offered. The Courses leading to the degree 
of Master of Science include Codperative Courses in Chemical Engineering Practice and Fuel and Gas 
Engineering. 

The better high schools and other preparatory schools in the United States offer adequate preparation 
for the required entrance examinations given by the College Entrance Examination Board in June, or by 
the Institute in September. 

Graduates of colleges or of scientific schools of collegiate grade, and in general all applicants presenting 
satisfactory certificates showing work done at another college corresponding approximately to at least 
one year’s work at the Institute, are admitted to such advanced standing as is warranted by their previous 
training, and are given credit for our required subjects, including the entrance requirements, so far as they 
have been satisfactorily completed. 


The Summer Session extending from June to September includes most of the subjects given during the 
academic year and in addition special courses for teachers. 
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Any of the following publications will be sent free upon request: 
CATALOGUE FOR THE ACADEMIC YEAR 
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SUMMER SESSION CATALOGUE 
GRADUATE STUDY AND RESEARCH 
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S. F. Henperson 
Armour Institute of 
Technology, 1926 
Contract Administration 





E. H. HornBarGER 
Virginia Polytechnic 
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Out in mid-rink, flying skates cut the glassy surface of the ice into powder 
amid the clatter of sticks and the hoarse, inarticulate cries of human beings 
in combat.Back and forth goes the puck, now dexterously propelled down 
the side-lines by a fleet forward, now shuttled rapidly to and fro amid a 
tangled mass of sticks and legs. Yet fast as it moves, it never eludes the 
watchful eyes of the two heavily-armored huskies who tend the goals. On 
guard, ready to thwart disaster with stick, skates, or any part of his body, 
the good “‘goalie’s”” work is ever vital, and often spectacular. 

In a large organization like Westinghouse, there is need for a number of 
such expert “goal tenders.”” Occupying positions in the Accounting, Legal 
and Contract Departments, they carry on quietly their important work of 
guarding the resources, patent situations, and contractual relationships of 
the company. And among them may be found many younger college men, 
like those whose pictures appear on this page, who have found in this 


work an opportunity to secure recognition and worthwhile reward. 


Among the important pieces of electrical work handled by 
Westinghouse in recent years may be mentioned the following: 


Cascade Tunnel Electrification, Great Northern Railway; 
Network Protector Installation, Chrysler Bldg., New York; 
Hydro-Electric Generating Equipment, Coolidge Dam, Arizona. 


~ Westinghouse 





G. C. SattzMan 
Carnegie Instituze of 
Technology, 1923 


Patent Department 





W. F. Swezey 
University of 


Kansas, 1923 
Patent Department 





The banks of G-E floodlights at Georgia Tech’s Grant Field can be adjusted to 
illuminate track meets as well as football games. 


G-E Floodlighting Wins Favor for 
Football - Hockey - Track - Baseball - Tennis 


G-E floodlighting equipment has a winning record. Its victories are 
counted in terms of pleased spectators, increased attendance, satisfied 


coaches and players. 


The development of G-E athletic-field floodlighting equipment was 
planned with every consideration for the fundamental and special playing 
conditions it must meet. That is why the big Novalux projectors give 
ample and evenly diffused light over the entire playing area. 


The development of General Electric floodlighting equipment has 
largely been the work of college-trained men in the G-E organization 
— other college-trained men are largely responsible for the continuing 
leadership of General Electric in furnishing the many other products 
which bear the G-E monogram. 


JOIN US IN THE GENERAL ELECTRIC PROGRAM, BROADCAST EVERY SATURDAY 
EVENING ON A NATION-WIDE N.B.C. NETWORK 
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